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1. PURPOSE OF THE PROJECT

1.1 The Problem

The objective of this project is to quantitatively analyze the expected

impact which might occur as a consequence of hypothetical spill scenarios

for PU 3010 (see end of Chapter 1.2). This evaluation is the very first

attempt to comprehensively estimate the possible adverse effects to the

eastern Bering Sea environment and biota from spills of specified

petroleum and volume at designated spill sites. Many data bases and

studies on eastern Bering Sea environment and resources are available.

Although much of this

specifically obtained

of the present study,

not be as complete or

literature is relevant, since no information was

to

we

as

results of these studies

sensitive operational or

satisfy the subject, time, and area dimensions

can anticipate that our analyses and results may

definitive as we would like. Regardless, the

may be the only basis for formulating some

socio-economic decisions regarding petroleum

exploration and developoment. At the least, it will form a basis for

further refinements and extensions of oil impact analyses. Consequently,

these studies must be very carefully formulated and executed and apply

current and relevant knowledge concerning the effects of oil on ecosystems

from past oil spills, model and laboratory studies, and environmental

studies of eastern Bering Sea. The findings must be presented in a form

understandable to any interested party.

The very copious, marine oil spill literature records a number of

instances of the esthetic damage and in some cases the catastrophic

annihilation of virtually all intertidal organisms inundated by beached

petroleum or fuel oil (e.g., Linden et al., 1983). The tainting of

shellfish (e.g., oysters in Brittany from the Amoco Cadiz spill) as a
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consequence of oil spills is also well documented (Laubier, 1983). We

have not, however, seen any documented evidence of the direct detrimental

effects of oil on fish or shellfish production (excluding clams) in the

marine environment, either from well blowouts or tanker accidents. Some

praconian forecasts of the possible impacts of oil developments on marine

fisheries and ecosystems, however, have been presented. These views appear

to have resulted frcm extrapolations of selective laboratory observations

and experiments on the effects of hydrocarbons on the physiology, genetics,

and mortality of fish (Payne, 1982). The results of past studies have

failed to provide any empirical evidence to indicate that any oil spill

was responsible for substantial direct mortality to juveniles and adults.

Preliminary analyses in our study leads us also to conclude that the spill

scenarios under study will have little if any impact on mature fish of

eastern Bering Sea.

The preceding highlights one main difficulty in the study of oil spill

impacts. As pointed out in the concluding words of the report on Petroleum

in the Marine Environment by the National Academy of Science (1983), “The

single most significant gap existing to date is our difficulty in transferr-

ing the information obtained from laboratory studies to predicting and/or

evaluating potential impact of petroleum on living marine resources in the

field, especially in the case of spill impact on such commercially important

stocks as fish and shellfish.”

The pssible effects of oil on fishery resources will be evaluated here

with numerical ecosystem simulations (models) that are based on validated

quantitative laboratory observations as well as on the knowledge of fishery

resources in the region. These simulations address four major areas of

possible impacts (oil in this report means petroleum hydrocarbons):

1 0 4
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1) Effect of oil (from accidents) on fish and shellfish eggs and

larvae, and the projection of these effects on exploitable populations

years later.

2) Possible effect of oil on adult fish, including effects on crabs

and on migrating salmon.

3) Possible tainting of fish by direct exposure and by uptake of oil-

contaminated food, and the possible need and extent of area closures in

case of accidents.

4) Possible short- and long-term effects of oil on the bottom of the

sea on the benthic ecosystem (including demersal fish).

All effects will be evaluated in the perspective of total fishery

resources in the region of concern, taking into account the magnitude of

errors in estimating the wpulation sizes, the natural fluctuations and

mortality of populations, and their seasonal migrations (by life history

stages) .

TWO important subjects will receive somewhat perfunctory consideration

in our study, not because we think they are Unimportant but because the

terms of the study exclude them.

The possible effects of oil on the beaches will be evaluated only in

a semiquantitative manner. The emotion-laden problems of possible effects

of oil on mammals and birds will be only qualitatively described. With

the exclusion of these topics, the impact analysis will be incomplete.

1.2 Principles of evaluation of the possible effects of oil developments

A noticeable quantity of oil in water which might affect marine biota

can originate from either a well blowout or from a tanker accident. Firs t

order calculations of the concentrations of oil in water originating from

large accidents and its distribution in space and time indicate that in
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order to obtain the concentration of oil in the water or on the bottom

which might affect the postlarval fish, and be of noticeable areal extent,

the blowout and/or accident must be of considerable magnitude. (Note:

The oil on the surface has very negligible effect on marine biota unless

it is carried to very shallow water and to the beach.) Therefore, the

computations in this project were done with Maximum Effect Conditions (MEC)

which are defined as follows:

1) Accident scenarios include the largest plausible well blowout lasting

15 days (and longer) and a large tanker accident releasing most of the oil

cargo within 24 hours.

2) The spreading of oil in the water occurs in such conditions of wind,

tides, mixed layer depth, and temperature which produce largest possible

area of highest possible concentration of water soluble fraction (WSF) of

oil in the water (>1 ppm).

3) The blowout/accident occurs during the most unfavorable time with

respect to the fishery resources (peak spawning time with maximum aggregation

of fish per unit area, and/or peak migration time of anadromous fish) .

4) The prevailing conditions affecting the sedimentation of the oil

to the bottom are such that highest possible quantity of oil accumulates on

the bottom in the shortest possible time.

The effect of oil on the fishery resources (e.g., mortalities, diminished

growth, etc.) must be evaluated against the size of the stocks of the fish

in the region, taking into account:

a) magnitudes of the errors of the assessment of the stocks;

b) magnitudes of the natural fluctuations of the stocks;

c) size of the fishing and other “natural mortalities” of the stocks.
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The degree of possible tainting of the exploitable part of the stock

by external exposure and by uptake of oil contaminated food must be

quantitatively determined and the area and duration of possible closure

of fishing after the accident must be determined, taking into account:

a) the speed of oil deputation by the fish;

b) plausible distances of migration of tainted fish.

The weathered oil which accumulates on the bottom will affect the benthic

ecosystem (including demersal  fish and crab) in a variety of ways. These

effects might be long lasting (up to a few years). The sedimentation of the

oil to the bottom is quantitatively simulated (modelled),  using the parameters

known to affect this process (see Chapter 3). The effects of oil on the

bottom will be evaluated with analogs to known and investigated effects,

especially from Tsesis spill.

There are other possible effects of accidents which are excluded from

this project, such as oil on the beaches and effects of oil on birds and

mammals. These Wssible effects will be estimated, however, at least

to the order of magnitude and compared to the oil effects on direct fishery

resources.

The following accident scenario has been selected for the project:

1) Well blowout (in 3 locations), 20,000 bbl/day for 5 days. Prudhoe

Bay crude oil.

2) Tanker accident (instantaneous spill at 3 locations), 240,000 bbl,

automotive diesel (refined), released from the tanker at rate of 10,000 bbl/hr.

3) Three locations (Figure 1), 1) off Port Moller, 56”20’N, 161°20’W;

49 m depth; 2) off Port Heiden, S7”1O’N, 159”W; 43 m depth; 3) off Cape

Newenham, 58°N, 164°W, 43 m depth.

4) Wind direction will be the most frequent for the location. Wind

speed and tides will be such that they produce Maximum Effect Conditions (MEc).
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The computation of oil in the water (Water Soluble Fraction, WSF,

which includes the oil in solution in molecular form, as well as oil

dispersed in the water as very fine droplets) is being computed by Rand

Corwration in cooperation with Science Applications Inc. (Liu, 1983).

Other details of the project scenario are given in next chapter under

Numerical Methods.
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2. METHODS

2.1 Numerical methods

Oil in water. The

OF THE STUDY AND SOURCES AND NATURE OF DATA

distribution of oil in water from the well blowout
;?

and tanker accidents are computed by Rand Corp. in cooperation with SAI .

Some examples of computed distributions are shown in Chapter 2.3. The

methods of

In the

as it does

effects of

computations are reported elsewhere (Liu, 19831 .

present project, we are not concerned with oil on the water surface,

not affect fish and/or fisheries to any noticeable degree. The

oil in the intertidal zone are estimated in this project only

to the order of magnitude, because the Rand models have not as yet quantified

the beaching of oil.

We are considering and operating with Water Soluble Fraction (WSF) (see

definition above). This may constitute about 10% of the total crude oil

present at the surface. In estimating the effects of WSF on marine biota

(including fish and crabs), several peculiarities of the oil are taken into

account, such as the knowledge that the more toxic volatile (aromatic) hydro-

carbons reach their maximum

release, but after about 12

left (Payne, 1981).

The oil from the tanker

concentration in water about 3 hours after

hours only about half of their concentration is

accident scenario is considered to be “refined

oil”. According to Anderson et al. (1974), No. 2 fuel oil and Bunker C

residual oil have the same effect on biota when their concentration is 3 to

5 times less than the concentration of WSF crude oil.

Oil on the bottom. About 20 to 50 percent of crude oil released in and/or

on the water will ultimately reach the bottom of the sea as “weathered oil”.

This sedimentation of the oil is affected by the typs of oil, temperature,

turbidity, turbulence,

‘~ S c i e n c e  A p p l i c a t i o n s

depth of water, and other factors. The initial

Inc. , La Jolla, CA.
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sedimentation (in about the first 15 days) is relatively rapid. However,

the sedimentation of all the oil which will ultimately end up on the

bottom takes considerable time; thus, it will meanwhile be distributed by

currents over a large area, resulting in low concentrations on the bottom

of” the sea. Higher concentrations of oil on the bottom in shallower water

(say <50 m depth) originate from the WSF within about 15 days of the oil

addition to the water. Oil will first accumulate in a nepheloid  layer near

the bottom and will be slowly carried into the sediment, es~cially by the

activity of infauna. This nepheloid layer is moved around with currents

near the bottom, effecting the accumulation of it in deepmings (irregular-

ities) in the bottom topography.

The numerical method for simulation of oil on the bottom is described

in Chapter 3 of this report.

Oil on the bottom affects the behavior of mobile epifauna (e.g., emi-

gration) and is taken up by sessile epifauna and infauna. The latter two

are

the

the

and

used as food by demersal fish and crabs.

bottom for relatively long periods (a few

Contamination of eggs and larvae by oil.

Weathered oil can last in

years) .

n the case of a well blowout,

eggs and larvae are passively carried into the oiled area by currents

become contaminated (Figure 2). The initial exposure is thus with high

concentrations near the blowout. The same current speed and direction, which

is used for computation of

is also used for trans~rt

are carried into the oiled

distribution of oil in the surface mixed layer,

of eggs and larvae. Additional eggs and larvae

area by eddy diffusion. This addition is computed

from the area (lateral) extension of the oil concentrations.

The mechanisms effecting the spreading of oil from a tanker accident,

complemented with eddy diffusion, are mainly active in exposing the eggs and
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larvae to oil originating as instantaneous (“point”) source from tanker

accidents. These exposures are computed from the expansion of the oiled

area with time (Figure 2B).

Empirical data on the spawning and distribution of eggs and larvae in

space and time are very limited in the Bering Sea. The MEC conditions for

eggs and larvae are computed with the following procedure (schematic

presentation see Fig~e 3): The peak spawning season

species. Estimates are also made of the distribution

during peak spawning. Using the data on fecundity of

is estimated for each

of spawning biomass

the species and the

spawning concentration of biomass during peak spawning, the maximum concen-

trations of eggs and larvae resulting from 5 day spawning is estimated.

These eggs and larvae are assumed to be found in the upper mixed layer.

The above assumptions give MEC for the computation of egg and larvae

mortality. Examples of the estimated amounts of eggs exposed to different

concentrations of oil are given in Table 1.

Egg and larvae mortalities are estimated using data from effect studies

{see Table 4 in Chapter 2.4).

The effect of pssible egg and larvae mortality on the exploitable popu-

lation years later is estimated with a linear assumption (see Figure 4),

which gives MEC (i.e., the density dependent larval mortalities are neglected).

No spawner-recruitment relations have been demonstrated for marine fish.

The effects via pssible, but uncertain spawner-recruitment relations on

coming generations are, therefore, neglected.

Exposure of adult fish to oil. Fish can be affected by external exposure

to oil (e.g., uptake of oil through gills). During exposure, fish either

can be stationary in respect to general location, while oil moves into the

area, or they can migrate through the oiled area (avoidance reaction of fish
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T a b l e  1. - - E x a m p l e  o f  c o m p u t e d  q u a n t i t i e s  o f  e g g s  e x p o s e d  t o  d i f f e r e n t
c o n c e n t r a t i o n s  o f  o i l .

A r e a -  P o r t  Moller
S p e c i e s  N o .  4  8 5 0  e g g / l a r v a e  m 2

C o n t i n u o u s  s o u r c e  ( w e l l  b l o w o u t )
T i m e ,  d a y s  7

N u m b e r  o f  e g g s / l a r v a e  e x p o s e d  ( i n  b i l l i o n s )

O i l  c o n c e n t r a t i o n E x p o s u r e  t i m e ,  d a y s
ppb 1 2 3 5 6 7

>100 6.2 - - - - - -

5 0 - 1 0 0 9 . 6 1 2 . 1 1 1 . 7 10.6 9.1 6.3 5 . 2

1 0 - 5 0 3 . 3 6 . 0 8 . 2 7.2 5.5 3 . 8 2 . 8

1 - 1 o 1 . 8 11.7 2 4 . 6 4 8 . 3 2 8 . 1 1 2 . 4 1 . 8
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is neglected here to achieve MEC) . The direction of fish in relation to oil

contamination and fish migration speed determine the time of exposure. The

selected MEC migration direction is shown on Figure 5.

fish are assumed to migrate between the surface and the

Examples of the computed exposure of stationary and

given in Table 2. Deputation of contaminated fish is a

Furthermore, all

MLD .

migrating fish is

function of time and

temperature. The migrating biomass is assumed to be the exploitable stock.

The resulting contamination effects are computed by using data in Table 5

(Chapter 2.4).

Adult salmon, as well as smOlt, are assumed to migrate through the oil

although they may avoid it. The effects of oil on salmon are computed with

a special model adapted for this purpose (see Appendix 5).

Uptake of oil with contaminated food. Fish, either “stationary” or moving

through an oiled area, will take up pelagic and/or demersal food that may be

contaminated with oil (feeding habits see Appendix 6). The magnitude of

food uptake can be reduced, however, if the WSF is above a given level of

concentration (see Table 6 in Chapter 2.4). For the purpose of MEC, food

in the oiled area is assumed to have a bioaccumulation  ratio of 50 times the

concentration in the environment.

The uptake of oil is computed as mg of oil per kg of biomass. When the

fish enter clean water (defined here as < 10 ppb of oil), a time and tempera-

ture dependent deputation is computed (see Table 7). Examples of the

contamination of fish by food uptake is given in Table 3.

The quantities of fish

etc.) are evaluated on the

through the oiled area can

affected by contaminated food (killed, tainted,

bases of data in Table 7. Since fish that move

be tainted through the uptake of contaminated

food , it is important to know the distance and time that a fish travels

before it has depurated below the tainting level. This information can
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Table 2 . - - E x a m p l e  o f  c o m p u t e d  e x p o s u r e  o f  s t a t i o n a r y  a n d  m i g r a t i n g  f i s h  t o
d i f f e r e n t  c o n c e n t r a t i o n s  o f  o i l .

S p e c i e s  1 -  3 0 0  k g / k m2 ,  m i g r a t i n g
S p e c i e s  2  - 4 0 0  k g / k m2 ,  s t a t i o n a r y
T i m e ,  d a y s  1 3

T o t a l  b i o m a s s  ( k g )  e x p o s e d  t o  W S F

O i l  c o n c e n t r a t i o n T o t a l  b i o m a s s  e x p o s e d  ( k g )
ppb S p e c i e s  1 S p e c i e s  2
>200 1 2 0 0 1600

1 5 0 - 2 0 0 1200 1600
100-150 8400 11200
50-100 264oo 35200
10-50 25200 996800

T a b l e  3 . - - E x a m p l e  o f  c o m p u t e d “ c o n t a m i n a t i o n  i n d e x ”  o f  f i s h  ( c a u s e d  b y  u p t a k e
o f  c o n t a m i n a t e d  f o o d ) .

L o c a t i o n : P o r t  Moller, T i m e  S t e p :  D a y  1 5
S p e c i e s  N o .  1 -  E m i g r a t i n g  s p e c i e s  ( b i o m a s s  4 0 0  k g / k m )
S p e c i e s  N o .  2  - A  n o n - m i g r a t i n g  s p e c i e s  ( B i o m a s s  3 0 0  k g / k m )
( C o n t a m i n a t e d  b i o m a s s  i s  s u m m e d  o v e r  t h e  g r i d  a n d  g i v e n  i n  t o n n e s )

C o n c e n t r a t i o n s  i n  p p b C o n t a m i n a t e d  b i o m a s s  i n  t o n n e s
(ug/kg) M i g r a t i n g N o n - m i g r a t i n g

C e n t . i n d e x  g r e a t e r  t h a n  1 0 0 . 0 0 0 0.000 0.000
C e n t . i n d e x  5 0 . 0 0 0  t o  1 0 0 . 0 0 0 0.000 0.000
C e n t . i n d e x  1 0 . 0 0 0  t o  5 0 . 0 0 0 0.000 0 . 3 2 3
C e n t . i n d e x  1 . 0 0 0  t o  1 0 . 0 0 0 0 . 5 6 2 2 . 6 8 4
C o n t . i n d e x  0 . 1 0 0  t o  1 . 0 0 0 1 . 0 3 4 1 1 . 4 3 4
C e n t . i n d e x  l e s s  t h a n  0 . 1 0 0 2 . 6 7 8 1 6 . 1 6 2
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be used for estimating

oil spill.

the area of a closure to the fishery during an acute

2.2 Evaluation of the fishery resources in the eastern Bering Sea and the

Resource Thesaurus

The significance of an oil spill on commercial fishery resources cannot

be evaluated simply from direct or indirect mortalities. Mortality from

petroleum hydrocarbons is a Npulation decrement which is su~rimposed upon

ongoing natural and fishing mortality. Our analysis, therefore, requires

not only isolating the ccmponent of total mortality which is attributable

to petroleum hydrocarbon toxicity, but more im~rtantly,  evaluating whether

mortality had any effect on ppulation productivity. Such an evaluation

requires considerable knowledge of the distribution, migration, life

history, fisheries and population dynamics as well as the hydrocarbon

toxicology of the affected species and stocks. We must know such things

as the magnitude of the resources, their maximum and equilibrium yields,

natural fluctuations and projected biomasses, the proportion of biomass

distributed in the area of the oil spill.

In addition to the direct data on the magnitudes of the resources, a

variety of other information and data are used in the models and in the

evaluation of the results. Since the models, as well as results of this

project, will be subject

imperative that the data

usable form. Therefore,

to scrutiny

used in the

the data on

by several interested parties, it is

computations be available in readily

the fishery resources and their environ-

ment will be summarized in a Resource Thesaurus. The outline of this

thesaurus is given in Appendix 2.

Many data for the project were also derived from the large ecosystem

simulations DYNUMES and PROBUB.
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2.3 Distribution of oil from blowout and tanker accident.

The computed concentrations of the WSF from a blowout off Port Moller in

Bristol Bay were provided by Rand Corporation. The distribution of these

concentrations in the fifteenth day after blowout are given in Figure 6.

These concentrations are low indeed; only in one grid point (grid size

2 km) the concentration is above 0.2 ppm and at additional seven grid

points it is >0.1 ppm. Only 32 grids (128 km2) have concentrations in

excess of 50 ppb. The latter concentration is the lowest at which some

mortalities of eggs and larvae have been observed (<50% mortality). No

grid point has a concentration above 1 ppm--i.e.r the lowest concentration

causing any mortality of adult fish.

For the tanker accident, only a qualitative picture of the concen-

trations has been provided so far (Figuxe 7). Using this figure and the

graphical data provided by Thorsteinson and Thorsteinson (1983), it can

be estimated that the resulting initial concentrations of WSF would be

10 to 20 times higher from a tanker accident than from a blowout. It

would also cover a more noticeable area, due mainly to the release of a

greater quantity of oil in a shorter time period (ca 10 times higher

release per unit time than blowout). Even in this case, however, the

area of concentrations of 1 ppm and higher will be relatively small, and

these concentrations will decay relatively fast.

The hydrocarbon concentrations in water resulting from substantial

spills such as in hypothetical spill scenarios PU 3010 are several orders of

magnitude less than the

laboratory experiments

that the direct effects

is contrary to the prevc

concentrations at which toxic effects were seen in

see next chapter). We would, therefore, expect

to the adult fish populations would be small which

iling popular conception of oil spill damage.
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S u r f a c e  o i l  c o n c e n t r a t i o n  f o r  t h e  5 t h  a n d  t h e  1 0 t h  d a y  a f t e r  t h e  i n s t a n t a n e o u s
release of 200000 bbls of Prudhoe Bay crude oil from three hypothetical spill
s i t e s . The movements  and the  shape of  the  d ispersed o i l  is  governed by  the
c u m u l a t e d  e f f e c t s  o f  l o c a l  r e s i d u a l  c i r c u l a t i o n ,  t i d a l  e x c u r s i o n ,  vorticity,
factors  re la ted  to  v iscosi ty  and sur face  tens ion (Liu 1983).



2.4 Review of the results of past effect studies.

A v o l u m i n o u s  a m o u n t  o f  l i t e r a t u r e  a r e  a v a i l a b l e  o n  t h e  l a b o r a t o r y

studies of oil effects on fish and other aquatic biota. The corresponding

reports on field studies are few, and their results often inconclusive.

The evaluation of the very variable results of the effect studies

is difficult indeed; and their application to real field conditions even

more difficult, as has been pointed out in the recent report from the

National Academy of Science (see Chapter 1.1).

Main problems with the effect studies are:

1) Most of the studies have been carried out with WSF concentrations

two to four orders of magnitude (100 to 10,000 times) higher than would

occur with the greatest plausible accident.

trations showed little or no effects).

2 )

3 )

4 )

Different components of hydrocarbons

Very different methods of exposure have

Treatment of species has been variable,

(Obviously lower concen-

have been used in these studies.

been used.

and predominantly small and

juvenile fish have been used.

5) Reporting of experimental conditions has often been incomplete.

6) Interpretations of results have often been qualitative.

After review of numerous effect studies, some quasi-quantitative criteria

were developed for summarization of the results. The evaluated essentials

of the oil exposure results pertaining to the present project are summarized

in Tables 4 to 7. Some interpolation of these tables is necessary, and

details will be provided in the final report when the results will be

presented and evaluated.
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T a b l e  4  - - - P e r c e n t  o f  f i s h  e g g s  a n d  l a r v a e  a f f e c t e d  b y  e x p o s u r e  t o  d i f f e r e n t  c o n c e n t r a t i o n s  o f  W S F  o f

c r u d e  o i l .

W S F  c o n c e n t r a t i o n ,  p p m 0 . 0 1  t o  0 . 1 0.1 to 1 1 to 10

E x p o s u r e  t i m e ,  h 2 4 4 8
& 2 4 48 96 2 4 4 8 9 6

Letha 1 40 60 50 80 1 0 0 8 0 100 100

Hatch ing  and deve lopment
other sublethal  effects~}mptired’ 20 60 80 80 100 100 1 0 0 100 100

1/ Effect after 96 hours remains unchanged (oil is becoming “weathered”, etc.

2/ I n  c o m p u t a t i o n  o f  t h e  e f f e c t s  t h e s e  a m o u n t s  a r e  i n c l u d e d  in m o r t a l i t i e s  ( t h e r e  w i l l  b e  s l o w e r  g r o w t h*.
a n d  h i g h e r  v u l n e r a b i l i t y  t o  p r e d a t i o n ) . R e d u c e d  m o l t i n g  i n  c r a b  l a r v a e  a r e  i n c l u d e d  a s  s u b l e t h a l

E e f f e c t s .

~/ T h e  e f f e c t s  o f  d i f f e r e n t  c o n c e n t r a t i o n s  o f  o i l  o n  z o o p l a n k t o n  a r e  c o m p a r a b l e  t o  t h e  e f f e c t s  o n  e g g s
a n d  l a r v a e .



T a b l e  5  - - - P e r c e n t  o f  p o p u l a t i o n  o f  m a r i n e  f i s h

c o n c e n t r a t i o n s  o f  W S F  o f  c r u d e  o i l .

i t  i s  a s s u m e d  t h a t  “ t o t a l  a r o m a t i c s ”

a n d  o t h e r  f a u n a  a f f e c t e d  b y  e x p o s u r e  t o  d i f f e r e n t

( O h s .  i n  e s t i m a t i n g  t h e  e f f e c t s  u s i n g  l a b o r a t o r y  e x p e r i m e n t s

c o n s t i t u t e  3 0 %  o f  WSF.)

,0 to ,o&
W S F  c o n c e n t r a t i o n ,  pp~’ 0.1 to 1 1 to 10

~&/ @~ 48 96E x p o s u r e  t i m e ,  h 24 48 24 48 9 6

P e l a g i c  f i s h
Letha 1
Sublethal~/

10 2 0 40 70 8 0 100
10 30 50 70 100 % 100 100

Demersal f i s h
Letha 1 2 0 4 0 3 0 100
S u b l e t h a l 30 50 80 5 0 :; 1 0 0

w C r u s t a c e a n s ,  (epifauna)~’
: Letha 1 2 0 6 0 100

S u b l e t h a l 2 0 {: 2 0 50 80

lnfauna~/
~a 1

S u b l e t h a l

~/ C o n c e n t r a t i o n  o n  t h e  b o t t o m  r e f e r s  to c o n c e n t r a t i o n  o f  “ w e a t h e r e d  o i l ” i n  t h e  nepheloid l a y e r  n e a r  b o t t o m .

~/ S u b l e t h a l  e f f e c t s  i n c l u d e  i m p a i r m e n t  o f  g r o w t h  ,  f i n  r o t ,  e t c .  ( d e l a y e d  e f f e c t s ) .  , ( S u b l e t h a l  e f f e c t s  s t a r t
a t  ca 2 5 %  c o n c e n t r a t i o n  o f  l e t h a l  c o n c e n t r a t i o n s . )  ( S u b l e t h a l  e f f e c t s  d o  n o t  r e s u l t  i n  m o r t a l  i t y . )

~/ P e l a g i c  c r u s t a c e a n s  (incl. l a r v a l  s t a g e s )  a r e  i n c l u d e d  i n  z o o p l a n k t o n . Epifauna i n c l u d e s  s o m e  molluscs
w h e r e a s  b u r r o w i n g  molluscs a r e  i n c l u d e d  i n  i n f a u n a .

~/ Most l e t h a l  e f f e c t s  a r e  i n  t h i s  r a n g e  o f  c o n c e n t r a t i o n s . T h e  e f f e c t s  a r e  o f t e n  s p e c i e s  s p e c i f i c .  V a l u e s
g i v e n  i n  t h i s  c o l u m n  r e f e r  t o  ca 2S p p m .

~1 Effects after 96 h can be considered as those at 96 h exposure.

S/ C o n c e n t r a t i o n  o f  c a  2  p pm  c a n  cause  fish t o  a v o i d  p o l l u t e d  a r e a s  ( 2 - 3  p p m  i n h i b i t s  s a l m o n  m i g r a t i o n s ) .



Table 6 - - - E f f e c t s  o f  v a r i o u s  c o n c e n t r a t i o n s  of W S F  o f  c r u d e  oil o n  t h e  f o o d  u p t a k e  a n d  t a i n t i n g  o f  m a r i n e

f i s h  a n d  d e p u t a t i o n  t i m e s  o f  t h e s e  f i s h .

WSF concentration, pp~’ O.l to 1 1 to 10 1 0  to 1 0 0

E x p o s u r e  t i m e ,  h 2 4 4 8 ~&/
2 4 48 96 2 4 4 8 9 6

P e l a g i c  f i s h
F o o d  u p t

2 /

?%
e  impaired— 10 3 0 2 0 40 80 100 100 100

T a i n t i n g _ 2 0 4 0 60 80 100
D e p u t a t i o n ;  days?’ 2 4 8 10 15

D e m e r s a l  fish~’
F o o d  u p t a k e  i m p a i r e d 10 10 30 70 70 100
Tainting 10 30 50 ;: 100 100
Deportation, days 2 4w 7 12 15 20

m
U-I

1/—

2 /

5/—

6 /—

C o n c e n t r a t i o n s  o n  t h e  b o t t o m  r e f e r  t o  “ w e a t h e r e d  o i l ” i n  t h e  nepheloid l a y e r .

V a l u e s  g i v e n  a r e  p e r c e n t a g e  o f  r e d u c t i o n  o f  f o o d  u p t a k e .

T a i n t i n g  r e f e r s  b o t h  t o  d e g r e e  a n d  t o  p e r c e n t a g e  o f  p o p u l a t i o n  w i t h  u n a c c e p t a b l e  t a s t e  a n d  o d o r .

D e p u t a t i o n  i s  d e p e n d e n t  o n  t e m p e r a t u r e  ( l o n g e r  t i m e  r e q u i r e d  a t  l o w e r  t e m p e r a t u r e s ) . D e p u t a t i o n
r e f e r s  t o  “ d e t a i n t i n g ”  o f  f l e s h .  ,

D e m e r s a l  f i s h  i n c l u d e s  a l s o  c l a m s  a n d  c r a b s .

A f t e r  9 6  h o u r s  t h e  e f f e c t s  a r e  c o n s i d e r e d  to r e m a i n  t h e  s a m e  a s  a t  9 6  h o u r s .



T a b l e  7 . - - E f f e c t s  o f  t h e  u p t a k e  o f  c o n t a m i n a t e d  f o o d  b y  f i s h  ( i n c l u d i n g  c r a b s )

C o n t a m i n a t i o n  index~’ 0 . 5  t o  5 5 to 10 1 0  t o  5 0 5 0  t o  1 0 0 <100

L e t h a l 10 3 0 5 0

Sublethal~’ 1 0 3 0 6 0 1 0 0 100

Tainting~/ 10 30 6 0 100

4 /
D e p u t a t i o n ,  days– 4 8 12 16

~/ C o n t a m i n a t i o n  i n d e x  =  f o o d  u p t a k e  (BWD) ~ c o n c e n t r a t i o n  o f  o i l  i n  e n v i r o n m e n t  (ppm) A 5 0  ( m e a n  bioaccumulation
f a c t o r )  ~ 0 . 7 5  ( “ r e t e n t i o n  f a c t o r ” )  =  mg/kg. T h e  c o n t a m i n a t i o n  i s  a c c u m u l a t i v e . D e p u t a t i o n  i s  c o m p u t e d
linearily o n  c o n t a m i n a t i o n  i n d e x .

~/ S u b l e t h a l  e f f e c t s  i n c l u d e :  s l o w e r  g r o w t h ,  f i n  r o t ,  t u m o r s ,  e t c .
F

~ ~/ T a i n t i n g  i s  d e p e n d e n t  o n  a c c u m u l a t i o n  o f  h y d r o c a r b o n s  i n  t h e  b o d y  ( 5 0  p p m  a n d  h i g h e r ) .

~/ D e p u t a t i o n  i s  d e p e n d e n t  o n  t e m p e r a t u r e  ( s l o w e r  i n  l o w e r  t e m p e r a t u r e s ) ,



3 . WEATHERED OIL

T h e  t a s k  c o n c e r n e d  w i t h  t h e  e f f e c t s  o f

t h e  m o r e  i m p o r t a n t  p a r t s  o f  t h i s  p r o j e c t .

e f f o r t  f o r  c o m p l e t i o n ,  s i n c e  t h e r e  e x i s t s

ON THE BOTTOM

o i l  o n  t h e  b o t t o m  h a s  b e c o m e  o n e  o f

I t  h a s  also d e m a n d e d  c o n s i d e r a b l e

a  s c a r c i t y  o f  b o t h  d a t a  a n d  p a s t

i n v e s t i g a t i o n s  o n  t h i s  s u b j e c t . T h e  n o t e s  below p r e s e n t  a  t e n t a t i v e  r e v i e w

o f  t h e  p r o g r e s s  i n  t h i s  s u b j e c t .

3 . 1  S e d i m e n t a t i o n  o f  o i l .

P O N A S  ( p a r a f f i n s , olefins, a n d  n a p t h a s )  c o n s t i t u t e  a b o u t  7 0 %  o f  c r u d e  o i l ;

t h e  r e s t  ( 3 0 % )  a r e  a r o m a t i c s . O f  t h e  t o t a l  oil, a b o u t  1 0 %  i s  W S F .  I t  i s

e s t i m a t e d  t h a t  m o r e  t h a n  h a l f  o f  t h e  PONAS w i l l  u l t i m a t e l y  e n d  u p  a s  “ w e a t h e r e d

oil” o n  t h e  b o t t o m  o f  t h e  s e a . T h e  s e t t l i n g  o f  o i l  i s  g r e a t l y  a f f e c t e d  b y  f i n e

s i l t  a n d  c l a y  i n  t h e  w a t e r  ( s u s p e n d e d  m i n e r a l  m a t t e r ) . I n  a d d i t i o n , t h e  s e t t l i n g

o f  o i l e d  p h y t o p l a n k t o n  ( e s p e c i a l l y  d i a t o m s )  a n d  z o o p ? a n k t o n  f e c a l  p e l l e t s  a l s o

d e p o s i t  o i l  o n  t h e  s e a  b e d . A l t h o u g h  t h e s e  p a t h w a y s  h a v e  b e e n  d e s c r i b e d ,

d o c u m e n t a t i o n  o f  t h e  p r i n c i p a l  p r o c e s s e s  o f  s e d i m e n t a t i o n  a n d  i t s  q u a n t i f i c a t i o n

i s  g e n e r a l l y  l a c k i n g ,  p a r t i c u l a r l y  i n  s u b a r c t i c  w a t e r s .

-2 -1
S e d i m e n t  l o a d i n g  i n  B r i s t o l  B a y  c a n  b e  a b o u t  4 0  g  m  d a y  .  A c c o r d i n g  t o

-2 -1 oil
B a k e r  ( 1 9 8 3 ) ,  t h i s  s e d i m e n t a t i o n  c a n  b r i n g  d o w n  a b o u t  1 0  mg m  d a y ~ if

o i l  c o n c e n t r a t i o n  i s  1  p p b . ( M a x i m u m  v a l u e  i n  s h a l l o w  w a t e r -  3 0 m g  m- 2d a y- ’ ) .

-2 -1
O i l  s e d i m e n t a t i o n  r a t e s  o f  3  mg m  d a y h a v e  b e e n  o b s e r v e d  e l s e w h e r e .

B e s i d e s  t h e  a m o u n t  o f  m i n e r a l  s u s p e n s i o n  i n  t h e  w a t e r ,  s e d i m e n t a t i o n  o f  t h e

o i l  i s  a l s o  d e p e n d e n t  o n  t e m p e r a t u r e ,  d e p t h ,  p r e s e n c e  o r  a b s e n c e  o f  thermocline,

v e r t i c a l  c i r c u l a t i o n , a n d  o b v i o u s l y  o n  t h e  c o n c e n t r a t i o n  o f  o i l  i n  t h e  w a t e r .

O n l y  p a r t  o f  t h e  o i l  s e d i m e n t i z e s  w i t h i n  a b o u t  t h e  f i r s t  1 5  d a y s  a f t e r  t h e

a c c i d e n t . T h e  r e m a i n i n g  o i l  s e d i m e n t a t i o n  t a k e s  p l a c e  s l o w l y  a n d  i s  t h u s

d i s t r i b u t e d  o v e r  l a r g e  a r e a s ,  r e s u l t i n g  i n  l o w  c o n c e n t r a t i o n s  o n  t h e  b o t t o m .

1 2 7
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T h e  f o l l o w i n g  t e n t a t i v e  p r o c e d u r e  a n d  f o r m u l a s  h a v e  b e e n  e m p i r i c a l l y  d e r i v e d

f o r  c o m p u t a t i o n  o f  o i l  o n  t h e  b o t t o m :

T h e  p r o g r a m  s i m u l a t e s  t h e  d i s t r i b u t i o n  o f  o i l  o n  t h e  s e a  b o t t o m  f r o m  t h e

c o n c e n t r a t i o n s  o f  W S F  ( e m u l s i f i e d  a n d  d i s s o l v e d  o i l  i n  t h e  w a t e r )  (S).

D e p o s i t i o n  a n d  a c c u m u l a t i o n  o f  o i l  i s  m a d e  a  f u n c t i o n  o f  t u r b u l e n c e s  ( w a v e s )

w h i c h  i s  a p p r o x i m a t e d  w i t h  w i n d  s p e e d  ( W ,  m / s e e ) ,  d e p t h  ( D ,  m ) ,  t i m e  ( p r e s e n t e d

w i t h  t h e  c o u n t  o f  1 2 - h  t i m e  stepss K ) ,  a n d  t h e  p r e s e n c e  o r  a b s e n c e  o f  t h e

t h e r m o c l i n e  P o t e n t i a l  L a y e r  D e p t h  (PLD) i n  a n y  g i v e n  g r i d  p o i n t .

1. I n s t a n t a n e o u s  s o u r c e  ( “ t a n k e r  a c c i d e n t ” )

a) P L D  n o t  p r e s e n t  ( s h a l l o w  w a t e r , m i x e d  f r o m  s u r f a c e  t o  b o t t o m ) .  N o

o i l  s e d i m e n t a t i o n  t o  t h e  b o t t o m  i n  f i r s t  12 h o u r s . T h e  a m o u n t  o f

o i l  (A@) o n  t h e  b o t t o m  i n  t i m e  s t e p  t  i s :

AO = AOt-l + pst ‘* Fs

p  i s  a  t u n i n g  f a c t o r , d e p e n d e n t  o f  t h e  u n i t s  o f  S

F5 = (0.0013w + 0 . 0 6 2 / D
0 “ 7 )  * T K s

T K  i s  t i m e  f a c t o r .  K  = 2 t o 6  (incl . ) :

TK5  = K / ( 6 . 5  -  0.7K)

K = 6  a n d  l a r g e r :

T K s  =  K / ( 3  +  0.2K)

b )  P L D  (Thermocline)  p r e s e n t  a t  t h e  g r i d  p o i n t  ( n o  o i l  t o  t h e  b o t t o m  i n
\

f i r s t  2 4  h o u r s ) .

Aflt = AOt-, + pst * Fd

p i s  a  t u n i n g  f a c t o r ,  d e p e n d e n t  o f  u n i t s  o f  S

‘ d
=  (0.00065W+0.038/D

0 “ 7 )  * T Kd

T Kd  =  K/(6+ K )
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2 . C o n t i n u o u s  s o u r c e  ( “ b l o w o u t ” )

c ) D e p t h  is s h a l l o w e r  t h a n  P L D  ( s h a l l o w  w a t e r ) . ( N o  o i l  t o  t h e  b o t t o m

i n  f i r s t  1 2  h . )

Formu

added

a  s a m e  a s  la, e x c e p t  d i s t a n c e  f r o m  t h e  s o u r c e  f a c t o r  (DF) i s

A@t = AOt-, + St ‘~ Fs $’ DF

DF = DIS(km)/15

d )  D e p t h  i s  g r e a t e r  t h a n  P L D  (thermocline  p r e s e n t ) . ( N o  c o m p u t a t i o n  i n

f i r s t  2 4  h o u r s . )

F o r m u l a  s a m e  a s  l b ,  w i t h  t h e  s a m e  d i s t a n c e  f a c t o r  a s  2C a d d e d .

3 . O i l  o n  t h e  b o t t o m  i s  a s s u m e d  t o  f o r m  l o o s e ,  floculous d e p o s i t .  T h i s

d e p o s i t  i s  m o v e d  4 5 ° t o  t h e  r i g h t  o f  t h e  m e a n  c u r r e n t  i n  t h e  w a t e r ,  w h i c h  h a s

a  s p e e d  5 %  o f  t h a t  i n  t h e  w a t e r .

a s

i s

4 .  T h e  t i m e  s t e p  i n  t h e  c o m p u t a t i o n  i s  1 2  h o u r s .  T h e  g r i d  s i z e  i s  t h e  s a m e

u s e d  i n  t h e  s i m u l a t i o n  o f  o i l  i n  t h e  w a t e r  ( 2  k m ) .

5 . T h e  d e c a y  ( d e g r a d a t i o n )  o f  o i l  o n  t h e  b o t t o m f r o m  t h e  p r e v i o u s  t i m e  s t e p

c o m p u t e d  f r o m  t h e  f o u r t h  1 2  h  t i m e  s t e p  o n , b e f o r e  c o m p u t i n g  t h e  s e d i m e n t a t i o n .

T h e  d e c a y  i s  a  f u n c t i o n  o f  d e p t h  (D,m) a n d  t e m p e r a t u r e  (T,”C): ( i f  K - 3  z O ,

b y p a s s ) .

‘flt(12) =  Aklt-l e
-(t+d)

t
= ~2.7

;? (2 x 10-5 )

d = o.ols~

AO i s  c o m p u t e d  i n  a  1 2 - h  t i m e  s t e p . I f  a  2 4 - h  t i m e  s t e p  i s  u s e d ,

t h e  c o m p u t a t i o n  i s  r e p e a t e d .

3 . 2  F a t e  o f  o i l  o n  t h e  b o t t o m .

I n i t i a l l y  t h e  w e a t h e r e d  o i l  a c c u m u l a t e s  n e a r  t h e  b o t t o m  i n  a  nepheloid

l a y e r . I t  i s  n e a r l y  i m p o s s i b l e  t o  a d e q u a t e l y  c h a r a c t e r i z e  t h i s  l a y e r  i n  t h e
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o c e a n  w i t h  c o n v e n t i o n a l  s a m p l i n g  t o o l s . T h e  nepheloid l a y e r  m o v e s  a r o u n d  w i t h

c u r r e n t s  n e a r  t h e  b o t t o m  a n d  w i l l  a c c u m u l a t e  i n  d e p r e s s i o n s . T h e  b u r r o w i n g

a n i m a l s  c a r r y  t h e  o i l  f r o m  t h e  nepheloid l a y e r  i n t o  t h e  s e d i m e n t ,  w h e r e  t h e r e

i s  a n  a c c u m u l a t i o n  o f  c o n c e n t r a t i o n  o f  o i l  i n  t h e  s e d i m e n t . S o m e  l a b o r a t o r y

t e s t s  s h o w  a  1 0 0 0  f o l d  i n c r e a s e  o f  c o n c e n t r a t i o n  o v e r  t h a t  i n  w a t e r .

T h e  w e a t h e r e d  o i l  c a n  p e r s i s t  i n  t h e  s e d i m e n t  f o r  a  y e a r  o r  m o r e .  T h e  l o s s

o f  h y d r o c a r b o n s  f r o m  t h e  s e d i m e n t  i s  a  f u n c t i o n  o f  s e d i m e n t  t y p e . Sand

to l o s e  c a  7 0 %  o f  o i l  d u r i n g  a  m o n t h , w h e r e a s  silt l o s e s  o n l y  c a  1 0 %  d u r

s a m e  t i m e  p e r i o d . Biodegration o f  t h e  o i l  i n  s e d i m e n t  i s  d e p e n d e n t  o n  m

s  f o u n d

ng t h e

crobial

f a u n a  a n d  t e m p e r a t u r e , w i t h  i t s  r a t e  k n o w n  t o  m o r e  t h a n  d o u b l e  ( c a  2 . 5  t i m e s )

w i t h  a  1 0 ° C  r i s e  o f  t e m p e r a t u r e .

3 . 3  E f f e c t s  o f  o i l  o n  t h e  b o t t o m  o n  demersal f i s h  a n d  benthic e c o s y s t e m .

I t  i s  g e n e r a l l y  a c c e p t e d  t h a t  o i l  o n  b o t t o m  r e p r e s e n t s  t h e  m o s t  s e r i o u s  l o n g

t e r m  e f f e c t s  o f  oil s p i l l s . T h e  m a i n  c o n c e r n  w i t h  o i l  o n  t h e  b o t t o m  i s  i t s

e f f e c t s  o n  demersal f i s h  a n d  t h e  benthic e c o s y s t e m .

L i n d e n  e t  a l . (1979) found that the effects of oil from the Tsesis spill were

small and short l ived on the pelagic ecosystem. H o w e v e r , t h e  c h a n g e s  c a u s e d  b y

o i l  i n  t h e  benthic e c o s y s t e m  w e r e  l a r g e ; m o b i l e  macrofauna w a s  d r a s t i c a l l y

r e d u c e d ,  t h e r e  w a s  i n c r e a s e d  m o r t a l i t y  i n  o s t r a c o d s ,  a n d  t h e  b i o m a s s  o f  b i v a l v e s

(Macoma  baltica) i n c r e a s e d  g r e a t l y . Amphipods, a  v e r y  i m p o r t a n t  f i s h  f o o d ,  w e r e

d e p r e s s e d  a n d  s t i l l  a r e  f a r  b e l o w  prespill l e v e l s  (Elmgren,  p e r s o n a l  comm.).

F l a t f i s h e s  w h o  f e d  o n  M a c o m a  h a d  5 0  p p m  c o n c e n t r a t i o n  o f  h y d r o c a r b o n s  o n e  y e a r

later.

F l e t c h e r  e t  a l . ( 1 9 8 1 )  h a v e  s h o w n  t h a t  h e a v i l y  o i l e d  s e d i m e n t  ( 2 3 0 0  t o

4 5 0 0  p p m )  r e m a i n e d  t o x i c  t o  w i n t e r  f l o u n d e r  d u r i n g  t h e  s u m m e r  o n e  y e a r  l a t e r ,

w h e r e a s  d u r i n g  t h e  w i n t e r  t h e r e  w e r e  n o  m o r t a l i t i e s  o f  t h e  f l o u n d e r  ( m u c h  r e d u c e d
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f e e d

r a t e

o

n g  d u r i n g  w i n t e r ) . A g e d ,  o i l e d  s e d i m e n t s  h a d  n o  e f f e c t  o n  t h e  f e e d i n g

o f  t h e  f l o u n d e r .

1  o n  t h e  b o t t o m  m a y  n o t  d i r e c t l y  k i l l  a  g i v e n  p r e d a t o r ,  b u t  m a y  i n d i r e c t l y

r e d u c e  t h e  g r o w t h  a n d  p r o d u c t i v i t y  o f  t h e  p o p u l a t i o n  b y  s e l e c t i v e l y  r e d u c i n g

an important prey population. C o n v e r s e l y , t h e r e  h a s  b e e n  s o m e  e v i d e n c e  o f  a n

i n c r e a s e  i n  a  c l a m  p o p u l a t i o n  d u e  p e r h a p s  t o  t h e  o i l  i m p o s e d  r e d u c t i o n  o f

p r e d a t o r s  ( C o n a n  1 9 7 7 ,  A m o c o  Cadiz). E c o s y s t e m  i m p a c t  n o t  i n v o l v i n g  p r e y - p r e d a t o r

r e l a t i o n s h i p s  h a v e  a l s o  b e e n  d o c u m e n t e d . F o r  e x a m p l e , r e p r o d u c t i o n  i n  B a l t i c

h e r r i n g  w a s  s i g n i f i c a n t l y  r e d u c e d  a s  a n  a f t e r m a t h  o f  t h e  Tsesis s p i l l .  T h e

m o r t a l i t i e s  w e r e  t h o u g h t  n o t  t o  b e  a t t r i b u t a b l e  t o  t h e  d i r e c t  e f f e c t s  o f  oi’

o n  e g g s . R a t h e r , it was t h e  c o n s e q u e n c e  o f  a  l a r g e  m o r t a l i t y  a n d  d e c r e a s e n

a m p h i p o d s  w h i c h  o r d i n a r i l y  g r a z e  o n  f u n g i  g r o w i n g  o n  f i s h  e g g s ,  t h u s  p r e v e n t i n g

f u n g a l  d a m a g e .

S u m m a r y  o f  o p i n i o n s  o n  t h e  e f f e c t  o f  o i l  o n  t h e  b o t t o m  b y  t h e  w o r l d ’ s

f o r e m o s t  e x p e r t s  o n  t h i s  s u b j e c t  a r e  f o u n d  i n  A p p e n d i x  7 .

T h e  e f f e c t s  o f  o i l  o n  t h e  b o t t o m  w i l l  b e  q u a n t i f i e d  i n  t h e  final r e p o r t

o f  t h i s  p r o j e c t .
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4 . PRELIMINARY QUALITATIVE RESULTS AND OTHER OBSERVATIONS

4 . 1  C o n t a m i n a t i o n  a n d  ta~ntinq o f  m i g r a t o r y  a n d  s e d e n t a r y  a d u l t  f i s h .

1 . T h e  c o n c e n t r a t i o n s  o f  W S F  o f  t h e  o i l  r e s u l t i n g  f r o m  t h e  l a r g e s t  p o s s i b l e

a c c i d e n t s  i s  s e v e r a l  o r d e r s  o f  m a g n i t u d e  l o w e r  t h a n  t h e  c o n c e n t r a t i o n s  u s e d  i n

laboratory effect studies. The possib le  e f fects  of  o i l  in  the m a r i n e  e n v i r o n -

ment are, therefore, evaluated in terms of Maximum Effect Conditions (MEC)

a s  d e f i n e d  i n  t h i s  r e p o r t .

2 . T h e  e f f e c t s  o f

S e a  c o n t i n e n t a l  s h e l f

t h e  c o n c e n t r a t i o n s  o f

m a j o r  a c c i d e n t s  d u r i n g  t h e  oil d e v e l o p m e n t  o n  t h e  B e r i n g

o n  a d u l t  f i s h  a p p e a r  t o  b e  small i n d e e d ,  m a i n l y  b e c a u s e

o i l  i n  t h e  w a t e r  w o u l d  b e  l o w . T h e  e f f e c t  o f  a  m a j o r

t a n k e r  a c c i d e n t  w i l l  b e  l a r g e r  ( b u t  s t i l l  b e l o w  t h e  e r r o r  i n  a  r e s o u r c e

e s t i m a t e ) ,  b e c a u s e  h i g h e r  c o n c e n t r a t i o n s  m i g h t  r e s u l t  a n d  r e f i n e d  o i l  i s  m o r e

toxic than crude oil.

3. T h e r e  m a y  b e  s o m e  t a i n t i n g  o f  m o r e  s e d e n t a r y  f i s h  u n d e r  a  p a r t  o f  t h e  o i l

t r a j e c t o r y ,  b u t  t h e  a r e a  o f  p o s s i b l e  c l o s u r e  s e e m s  t o  b e  r e l a t i v e l y  s m a l l  a n d

t h e  c l o s u r e  t i m e  r e l a t i v e l y  s h o r t .

4 .  O f  t h e  s a l m o n  s p e c i e s  c h i n o o k ,  p i n k , and chum salmon smel t  may be

a f f e c t e d  t o  s o m e  d e g r e e  i f  t h e  a c c i d e n t  o c c u r s  d u r i n g  t h e  m o s t  u n f a v o r a b l e  t i m e .

5 .  T h e  l a r g e s t  e f f e c t  o f  a c c i d e n t a l  r e l e a s e  o f  o i l  m i g h t  b e  o n  t h e  s p a w n i n g

a n d  s p a w n  o f  h e r r i n g  i f  t h e  a c c i d e n t  o c c u r s

b e a c h e s  a n d  d u r i n g  t h e  s h o r t  s p a w n i n g  t i m e .

r a r e .

n e a r  t h e  m a j o r  h e r r i n g  s p a w n i n g

S u c h  a  c o i n c i d e n c e  m i g h t  b e

6 .  T h e r e  m a y  b e  s o m e  i m p a c t  o n  t h e  e g g  b e a r i n g  f e m a l e s  o f  k i n g  a n d  T a n n e r

c r a b  s i n c e  t h e y  c a r r y  e g g s  a n d  r e m a i n  i n  n o r t h e r n  A l e u t i a n  s h e l f  a r e a  a l m o s t

a l l  y e a r  r o u n d .
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4 . 2  E f f e c t s  o f  o i l  o n  egq s  a n d  l a r v a e ,  a n d  o n  t h e  r e c r u i t m e n t  t o  e x p l o i t a b l e

stock .
.

1. T h e  e f f e c t s  o f  o i l  o n  e g g s  a n d  l a r v a e  w i l l  s t a r t  a t  o i l  c o n c e n t r a t i o n s

o f  5 0  p p b  and a b o v e . The  max

i s , i n  g e n e r a l , l e s s  t h a n  1 0 %

2 . T h e  e f f e c t  o f  e g g  a n d

i n  t h e  e x p l o i t a b l e  s t o c k  3  t o

r e c r u i t e d  t o  t h e  f i s h e r y .  T h e

mum amount of annual egg production killed in MEC

( a n d  s m a l l e r )  .

arval m o r t a l i t y  w i l l  s h o w  u p  a s  a  p o s s i b l e  r e d u c t i o n

8  y e a r s  l a t e r  w h e n  t h e  a f f e c t e d  y e a r  c l a s s  i s

r e d u c t i o n  o f  e x p l o i t a b l e  s t o c k  w o u l d  t h e n  b e  o n l y  a

f e w  p e r c e n t , a s  t h e r e  a r e  s e v e r a l  y e a r  c l a s s e s  i n  t h e  e x p l o i t a b l e  s t o c k . Thus ,

t h i s  r e d u c t i o n  i s  a b o u t  a n  o r d e r  o f  m a g n i t u d e  s m a l l e r  t h a n  t h e  p l a u s i b l e  e r r o r

i n  s t o c k  a s s e s s m e n t .

3 . i n  e x t r e m e l y  r a r e  c i r c u m s t a n c e s  t h e  o i l  m a y  a f f e c t  a  y e a r  c l a s s  o f

h e r r i n g  e g g s  ( s e e  4 . 3 ) .

4 .  $Ome q u a n t i t y  o f  e g g - c a r r y i n g  f e m a l e  c r a b s  a n d  i n s t a r  s t a g e  o f  c r a b

j u v e n i l e s  m i g h t  b e  a f f e c t e d  b y  t h e  o i l  n e a r  o r  o n  t h e  b o t t o m .

4 . 3  E n v i r o n m e n t a l  a n d  l o c a l  c o n d i t i o n s  f o r  m a x i m u m  i m p a c t s .

1 . M o r e  t h a n  3 0 %  o f  t h e  o i l  o n  a n d  i n  t h e  w a t e r  w i l l  u l t i m a t e l y  sedimentize

t o  t h e  b o t t o m . I n  t h e  a r e a  o f  t h e  “ o i l  p l u m e ”  d u r i n g  t h e  f i r s t  1 5  d a y s ,  t h e

s e d i m e n t e d  o i l  w i l l  f o r m  c o n c e n t r a t i o n s  h i g h  e n o u g h  t o  a f f e c t  t h e  s p e c i e s

c o m p o s i t i o n  o f  t h e  benthos  a n d  m a y  c a u s e  s o m e  t a i n t i n g  o f  m o r e  s e d e n t a r y

demersal f i s h  a n d  c r a b s .

2 . T h e  o i l  e f f e c t  o n

t h e  o i l  o n  t h e  b o t t o m  i s

t h e  b o t t o m  c a n  last l o n g e r  t h a n  a  y e a r . T h e  d e c a y  o f

d e t e r m i n e d  b y  t h e  t y p e  o f  s e d i m e n t  a n d  b y  t e m p e r a t u r e .

3 . T h e  l a r g e s t  e f f e c t s  o f  o i l  c o u l d  b e  c a u s e d  b y  b e a c h i n g  o i l  d u r i n g  t h e

s p a w n i n g  o f  h e r r i n g . I t  i s  p o s s i b l e  t h a t  m o r e  t h a n  h a l f  o f  a  y e a r  c l a s s  c a n  b e

k i l l e d  a n d  t h e  a n n u a l  h a r v e s t i n g  o f  r o e  m i g h t  f a i l . S u c h  a n  e v e n t  c a n  b e

c o n s i d e r e d  q u i t e  r a r e .
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s a l m o n .
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a n d  benthos.
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APPENDIX 2

THESAURUS OF THE ANALYZED AND DIGESTED DATA

THE ENVIRONMENT AND BIOLOGICAL RESOURCES OF EASTERN BERING

SEA PERTINENT TO HYPOTHETICAL OIL SPILL

F .  Fukuhara

n g  t h e  i m p a c t s  o f  h y p o t h e t i c a l  o i l  s p i l l  s c e n a r i o s  f o r  PU3010 r e q u i r e s

t h e  d e v e l o p m e n t  a n d  a p p l i c a t i o n  o f  a  s e r i e s  o f  p r e d i c t i v e  m o d e l s . F i r s t ,  the

d i r e c t i o n ,  d i m e n s i o n s  a n d  f a t e  o f  t h e  s i m u l a t e d  s p i l l s  m u s t  b e  e s t i m a t e d .  Hydro-

c a r b o n  c o n c e n t r a t i o n s  i n  t h e  w a t e r  c o l u m n , t h e i r  s e d i m e n t a t i o n  a n d  t e m p o r a l  p e r -

s i s t e n c e  m u s t  b e  e s t i m a t e d . T h e  c o m m u n i t i e s  o f  p l a n t s  a n d  a n i m a l s  i n h a b i t i n g  t h e

p o l l u t e d  t i m e - s p a c e  m u s t  t h e n  b e  d e t e r m i n e d .

e f f e c t s  o n  t h e  p r o d u c t i v i t y  a n d  m a r k e t a b i l i t y

o f  f i s h  a n d  s h e l l f i s h  m u s t  b e  e s t i m a t e d .

T h e  c r e d i b i l i t y  o f  t h e  a s s e s s m e n t  f r o m  th’

F i n a l l y ,  t h e  l e t h a l  a n d  s u b l e t h a l

o f  t h e  c o m m e r c i a l l y  i m p o r t a n t  s p e c i e s

s complex sequence of estimation

p r o c e d u r e s  ( w h i c h  a r e  d e s c r i b e d  o n l y  i n  b r o a d  a n d  s i m p l i s t i c  t e r m s  a b o v e ) ,  d e p e n d s

n o t  o n l y  u p o n  t h e  r a t i o n a l i t y  o f  t h e  s i m u l a t i o n  m o d e l s  a p p l i e d ,  b u t  a l s o  o n  t h e

q u a l i t y  o f  d a t a  b a s e s  f o r  c e r t a i n  e s s e n t i a l  a s p e c t s  o f  t h e  e n v i r o n m e n t  a n d  r e s o u r c e s

a n d  o n  t h e  a p p l i c a b i l i t y  o f  e x p e r i m e n t a l  r e s u l t s  o n  t h e  p h y s i o l o g i c a l  e f f e c t s  o f

h y d r o c a r b o n s  o n  t h e  e a s t e r n  B e r i n g  S e a  biota. C u r r e n t  k n o w l e d g e  r e g a r d i n g  t h e  l i f e

h i s t o r y ,  p r o d u c t i v i t y , a n d  d y n a m i c s  o f  t h e  p r i n c i p a l  r e s o u r c e s  i n  t h e  s t u d y  a r e a

i s  a l s o  r e q u i r e d  b e c a u s e  t h e  s i g n i f i c a n c e  o f  o i l  i m p o s e d  m o r t a l i t y  m u s t  b e

e v a l u a t e d  i n  t h e  c o n t e x t  o f  o n g o i n g  n a t u r a l  a n d  f i s h i n g  m o r t a l i t i e s  t o  t h e s e  s t o c k s .

I n  s h o r t ,  t h e  i m p a c t  e v a l u a t i o n  o f  P U 3 0 1 O  r e q u i r e s  t h e  s y n t h e s i s  o f  a

c o n s i d e r a b l e  volume o f  e n v i r o n m e n t a l  ,  b i o l o g i c a l , a n d  f i s h e r i e s  i n f o r m a t i o n  c o l l e c t e d

o v e r  t h e  l a s t  t w o  d e c a d e s  o r  m o r e  i n  t h e  e a s t e r n  B e r i n g  S e a . T h e s e  d a t a ,  a n d  i n

m o s t  c a s e s  t h e i r  a n a l y s e s , a r e  c o p i o u s l y  d o c u m e n t e d  i n  d a t a  f i l e s  a n d  i n  u n p u b l i s h e d

a n d  p u b l i s h e d  r e p o r t s  o f  s e v e r a l  a g e n c i e s  a n d  i n s t i t u t i o n s  c o n c e r n e d  w i t h  B e r i n g  S e a

f i s h e r i e s  m a n a g e m e n t  o r  e n v i r o n m e n t a l  r e s e a r c h . A l s o ,  a l t h o u g h  i t  i s  d i f f i c u l t  t o

e x t r a c t  m a n y  g e n e r a l  izations f r o m  p a s t ,  l a r g e  o i l  s p i l l  a c c i d e n t s ,  t h e r e  a r e  s o m e

a n a l o g i e s  w h i c h  h a v e  s o m e  i n t e r p r e t i v e  v a l u e  t o  t h e  p r e s e n t  s t u d y .  A l s o ,  f o r  l a c k



o f  a n  a l t e r n a t i v e  f o r  d i r e c t l y  e s t i m a t i n g  o r  a s s e s s i n g  c e r t a i n  o i l  s p i l l  r e l a t e d

p h e n o m e n o n  s u c h  a s  s e d i m e n t a t i o n  a n d  b i o l o g i c a l  e f f e c t s  o f  h y d r o c a r b o n s  i n  t h e

e a s t e r n  B e r i n g  S e a  s e t t i n g , i t  i s  n e c e s s a r y  t o  r e f e r  t o  c e r t a i n  e m p i r i c a l

o b s e r v a t i o n s  f r o m  p a s t  o i l  s p i l l  s t u d i e s  a n d  l a b o r a t o r y  s t u d i e s  f o r  i n s i g h t s  i n t o

f o r m u l a t i o n  o f  p r e d i c t i v e  m o d e l s  a n d  c o n c l u s i o n s  t h e r e f r o m .

PURPOSE OF THE “RESOURCE THESAURUS”: T h e  p u r p o s e  o f  t h i s  a n a l y z e d  a n d  d i g e s t e d

r e p o r t  i s  t o  c o n s o l i d a t e  a n d  s u m m a r i z e  f r o m  t h e s e  d i v e r s e  s o u r c e s ,  i n f o r m a t i o n

s p e c i f i c a l l y  r e l e v a n t  t o  t h e  f o l l o w i n g  a s p e c t s  o f  t h e s e  o i l  i m p a c t  s t u d i e s :

1 . t h e  e n v i r o n m e n t a l  f a c t o r s  w h i c h  w i l l  d e t e r m i n e  t h e  t r a n s p o r t a t i o n ,

d i m e n s i o n s , d i s p e r s a l ,  a n d  p e r s i s t e n c e  o f  o i l  s p i l l e d  a t  P o r t  Moller, P o r t  H e i d e n ,

a n d  o f f  C a p e  N e w e n h a m ;

2 . t h e  f i s h e r i e s , s p e c i e s  a n d  s t o c k s ,  l i f e  h i s t o r y ,  a n d  quantity or biomass

w h i c h  m i g h t  i n h a b i t  t h e  s p i l l  a r e a ,  a n d ;

3 . t h e  l e t h a l  a n d  s u b l e t h a l  i m p a c t s  o f  o i l  o n  c e r t a i n  c o m m e r c i a l l y  i m p o r t a n t

r e s o u r c e s  a n d  i m p o r t a n t  c o m p o n e n t s  o f  t h e i r  f o o d  w e b s .

OUTLINE OF THESAURUS

1 . P h y s i c a l  F a c t o r s  A f f e c t i n g  t h e  T r a n s p o r t a t

E m u l s i f i c a t i o n ,  S e d i m e n t a t i o n ,  a n d  W e a t h e r

A u t o m o t i v e  D i e s e l  F u e l  S p i l l e d  o f f  P o r t  H e

o n ,  E v a p o r a t i o n ,  D i s s o l u t i o n ,

n g  o f  C r u d e  P e t r o l e u m  a n d

d e n .

A . C h a r a c t e r i s t i c s  o f  Prudhoe B a y  c r u d e  o i l  a n d  a u t o m o t i v e  d i e s e l  f u e l  a n d

t h e  c l  imatological, g e o l o g i c a l ,  m e t e o r o l o g i c a l ,  a n d  o c e a n o g r a p h i c

f e a t u r e s  w h i c h  a f f e c t  t h e  d i s p e r s a l , p e r s i s t e n c e ,  a n d  e f f e c t  o n  t h e

B e r i n g  S e a  b e n t h o s .

1 . C h a r a c t e r i s t i c s  o f  Prudhoe B a y  c r u d e

a . C h e m i c a l  c o m p o s i t i o n  ( h y d r o c a r b o n s  a n d  p o l a r  c o m p o u n d s )
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b . P h y s i c a l

e t c . )

2 . Characterist’

c h a r a c t e r i s t i c s  ( b o i l i n g  p o i n t ,  v i s c o s i t y ,  s p .  g r a v i t y ,

c s  o f  a u t o m o t i v e  d i e s e l  f u e l  ( o u t l i n e  s i m i l a r  t o  a b o v e ) .

3. T r a n s p o r t a t i o n  a n d  w e a t h e r i n g  p r o c e s s  o f  p e t r o l e u m  s p i l l

a . S l i c k  f o r m a t i o n  a n d  t r a n s p o r t a t i o n  ( o i l  v i s c o s i t y ,  s e a  s t a t e ,

w i n d  f o r c e  a n d  d i r e c t i o n ,  s u r f a c e  a n d  t i d a l  c u r r e n t s ) .

b . W e a t h e r i n g  P r o c e s s

i .  E v a p o r a t i o n

i i .  E m u l s i f i c a t i o n

i i i .  D i s s o l u t i o n

i v . P h o t o  o x i d a t i o n

v . M i c r o b i a l  d e g r a d a t i o n

v i .  R e s i d u e

c .  S i n k i n g  a n d  s e d i m e n t a t i o n

i . P h y s i c a l  p r o c e s s e s

a . e n t r a i n m e n t  o f  p a r t i c l e s  i n  v e r t i c a l  c u r r e n t s

b . a d s o r p t i o n  o f  o i l  p a r t i c l e s  t o  s u s p e n d e d  m i n e r a l

m a t t e r  ( e . g . ,  clay)

i i . Bio-ptiysical p r o c e s s e s

a . o i l i n g  a n d  k i l l i n g  o f  p l a n k t o n ,  s i n k i n g  o f  c a r c a s s e s

b . i n g e s t i o n  o f  oil a n d  s i n k i n g  i n  f e c a l  p e l l e t s  o f

z o o p l a n k t o n

4.  Cl  imatological, g e o l o g i c a l ,  m e t e o r o l o g i c a l ,  a n d  o c e a n o g r a p h i c

c h a r a c t e r i s t i c s  o f  E . B e r i n g  S e a  w h i c h  m o d i f y  t h e  d i s p e r s a l ,

p e r s i s t e n c e , a n d  b i o l o g i c a l  e f f e c t s  o f  s p i l l e d  p e t r o l e u m .
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a . C l i m a t e  a n d  w e a t h e r

i. S u b a r c t i c  s e a s o n a l  c h a r a c t e r i s t i c s

a . s e a s o n a l  d u r a t i o n a n d  v a r i a t i o n  o f  s u n l i g h t  ( r e l e v a n t

t o  p h o t o - o x i d a t i o n  a n d  p h y t o - p l a n k t o n  p r o d u c t i o n )

b . m o n t h l y  m e a n  a i r  t e m p e r a t u r e s  ( a n d  r a n g e )  a n d  s e a s o n a l

a n d  a n n u a l  v a r i a t i o n s

c . s e a s o n a l  a n d  a n n u a l  v a r i a t i o n  i n  s e a  i c e  c o v e r

d . m o n t h l y  r a n g e s  a n d  m e a n s  o f  p r e c i p i t a t i o n

e . m o n t h l y  o r  s e a s o n a l  w i n d  d u r a t i o n  a n d  s p e e d

b . Geo ? ogy

i . M a j o r  e m b a y m e n t s , l a g o o n s ,  a n d  s h o r e l i n e  c h a r a c t e r i s t i c s

o f  t h e  n o r t h  s i d e  o f  t h e  A l a s k a  P e n i n s u l a  a n d  B r i s t o l  B a y  r i m .

i i .  M a j o r  d r a i n a g e  s y s t e m s  o f  s o u t h e a s t e r n  B e r i n g  S e a  ( s a y ,

Ku5kokwin R .  a n d  e a s t w a r d - s o u t h w a r d  t o  F a l s e  P a s s ) .

. . .I l l . B a t h y m e t r y  a n d  s u b s t r a t e  t y p e  o f  e a s t e r n  B e r i n g  S e a .

c . O c e a n o g r a p h i c  c h a r a c t e r i s t i c s

i . T i d a l  c u r r e n t s  ( h e i g h t  a n d  p e r i o d ) ,  s p e c i f i c a l l y  i n  e a s t e r n

A l e u t i a n s  a n d  B r i s t o l  B a y  a r e a s .

i i . S u r f a c e  c u r r e n t  p a t t e r n s  ( m o n t h l y ,  s e a s o n a l ,  a n d  a n n u a l

v a r i a b i l i t y ) .

i i i .  M o n t h l y  m e a n  s u r f a c e  t e m p e r a t u r e s .

i v . M o n t h l y  m e a n  s a l i n i t i e s .

v . V e r t i c a l  c i r c u l a t i o n  a n d  s e a s o n a l  t u r n o v e r  o r  m i x i n g  o f

w a t e r  c o l u m n .

a . thermocline ( s t a b i l i t y  a n d  d e p t h )

b . s p e e d  a n d  d e p t h  o f  v e r t i c a l  c u r r e n t s
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v i . W a t e r  c h e m i s t r y

a. n u t r i e n t  s a l t s

b . s u s p e n d e d  i n o r g a n i c  m a t t e r

c . n a t u r a l l y  o c c u r r i n g ,  biogenic a n d  petrogenic h y d r o c a r b o n

c o n c e n t r a t i o n s  o n  b o t t o m  a n d  i n  w a t e r  c o l u m n .

I l . E a s t e r n  B e r i n g  S e a  B i o t a  ( c o m m e r c i a l l y  i m p o r t a n t  s p e c i e s ,  p r e y ,  p r e d a t o r s ,

a n d  s y m b i o t i c  o r g a n i s m s )  m o s t  l i k e l y  t o  b e  i m p a c t e d  b y  S p i l l  S c e n a r i o s  P U 3 0 1 O .

A. F o o d  W e b ,  F e e d i n g  R a t e s  a n d  E c o s y s t e m  A s s o c i a t i o n s

1 . B a s i c  p r o d u c t i v i t y  o f  s o u t h e a s t e r n  B e r i n g  S e a

2 . I m p o r t a n t  h e r b i v o r e s  ( d e c a p o d  l a r v a e ,  copepods,  amphipods, mysids, e t c . )

3 . E p i f a u n a  a n d  i n f a u n a  (amphipods,  e c h i n o d e r m s ,  c l a m s ,  w o r m s ,  e t c . )

B. F i s h  a n d  s h e l l f i s h  o f  t h e  s o u t h e a s t e r n  B e r i n g  S e a  benthos

1. D e m e r s a l  fishbs

a . G e n e r a l  d~scussion

i . C o m m e r c i a l l y  i m p o r t a n t  s p e c i e s  a n d  t h e r  distribut o n

i i . O v e r a l l  f i s h e r i e s  - p r o d u c t i o n  a n d  value ( p r o d u c t s ,  f l e e t s ,

p r o c e s s i n g  f a c i l i t i e s ,  w o r k  f o r c e )

b . W a l l e y e  pollock

i .  D i s t r i b u t i o n  a n d  l i f e  h i s t o r y

a .  l i f e  h i s t o r y  g r o u p s

b . s p a w n i n g  s e a s o n  a n d  m i g r a t i o n s

c .  f e e d i n g  m i g r a t i o n s

i i . T h e  c o m m e r c i a l  f i s h e r y

a . c a t c h

b . e f f o r t

c . b i o m a s s  e s t i m a t e  ( v i r t u a l  p o p .  e s t . ;

d . a n n u a l  a n d  i n s t .  f i s h i n g  m o r t a l i t y

e . s t a t u s  o f  stock (MSY, EY,  etc . )
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. . .
I l l . B i o m a s s  a n d  p o p u l a t i o n  e s t i m a t e s  f r o m  t r a w l  s u r v e y s

a . n u m b e r  a n d  p r o p o r t i o n  o f  t o t a l  p o p u l a t i o n  i n  s u b a r e a s

1  a n d  4 5  a s  e s t i m a t e d  f r o m  1 9 7 5  a n d  1 9 7 9  s u r v e y s  a n d

s e a s o n a l  v a r i a t i o n s

i v .  R e c e n t  a n d  p r o j e c t e d  b i o m a s s  e s t i m a t e s ,  s t a t u s  o f  s t e a k s ,

and trends in productivity and abundance

v .  S e n s i t i v i t y  o f  e g g ,  l a r v a e ,  j u v e n i l e s ,  a n d  a d u l t s  o f  pollock

t o  w a t e r  s o l u b l e  h y d r o c a r b o n  f r a c t i o n s

a .  d e f o r m i t i e s  a n d  d e b i l i t a t i o n

b . m o r t a l  i t y

c . Yellowfin s o l e

( o u t l i n e  s i m i l a r  t o  t h a t  f o r

d . P a c i f i c  c o d

( o u t l i n e  s

e . R o c k  s o l e

( o u t l i n e  s

milar t o  t h a t  f o r

milar t o  t h a t  f o r

f . A l a s k a  p l a i c e

( o u t l i n e  s i m i l a r  t o  t h a t  f o r

9“ Longhead dab

( o u t l i n e  sim

h . A r r o w t o o t h  f ’

( o u t l i n e  s i m

l a r  t o  t h a t  f o r

o u n d e r

l a r  t o  t h a t  f o r

i . P a c i f i c  h a l i b u t

( o u t l i n e  s i m i l a r  t o  t h a t  f o r

2 . Anadromous  a n d  t r a n s i e n t  spebi.es

a . G e n e r a l  d i s c u s s i o n  o f  s a l m o n

pollock)

pol l o c k )

pol l o c k )

pol l o c k )

pollock)

pollock)

pol}ock)”

( s a l m o n  a n d  h e r r i n g )

a n d  h e r r i n g
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b . Sa Imon

i . S p e c i e s ,  d i s t r i b u t i o n ,  a b u n d a n c e  o f  s p a w n i n g  s t o c k s ,  a n d

l i f e  h i s t o r y

a . s m e l t  a n d  j u v e n i l e  d i s t r i b u t i o n  a n d  e c o l o g y

b . r o u t e  a n d  t i m i n g  o f  spawnings m i g r a t i o n

c .  f o o d  h a b i t s  a n d  p r e d a t o r s

i i .  F i s h e r i e s  a n d  n a t u r a l  m o r t a l i t y

a . t a r g e t e d  a n d  i n c i d e n t a l  h i g h  s e a s  c a t c h

b . e s t i m a t e d  g r o w t h  a n d  m o r t a l i t y

. . .
I I I.  S e n s i t i v i t y  t o  o i l  p o l l u t i o n

a . a v o i d a n c e

b . d e b i l i t a t i o n  a n d  d e l a y  o f  m i g r a t i o n

c . m o r t a l i t y  t o  s m e l t s  a n d  a d u l t s

c . H e r r i n g

i . D i s t r i b u t i o n  a n d  a b u n d a n c e  o f  s p a w n i n g  s t o c k s  a n d  l i f e  h i s t o r y

i i . S p a w n i n g ,  f e e d i n g ,  a n d  j u v e n i l e  m i g r a t i o n  r o u t e s  a n d  t i m i n g

. . .
I I I.  F i s h e r i e s  a n d  n a t u r a l  m o r t a l i t y

i v .  F o o d  h a b i t s  a n d  p r e d a t i o n

v . S e n s i t i v i t y  t o  o i l  p o l l u t i o n

a .  d i r e c t  e f f e c t s  o n  h e r r i n g

b . i n d i r e c t  e f f e c t s  o n  f o o d  i t e m s

c .  p o l l u t i o n  o f  s p a w n i n g  e n v i r o n m e n t  o r  m o r t a l i t y  t o

s y m b i o t i c  o r g a n i s m s

3 . C r a b s

a . G e n e r a l  d i s c u s s i o n

i .  S p e c i e s  a n d  t h e i r  d i s t r i b u t i o n

i i . F i s h e r i e s  a n d  t h e i r  v a l u e s
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b . R e d  k i n g  c r a b

i . D i s t r i b u t i o n  a n d  l i f e  h i s t o r y

a . l i f e  h i s t o r y  g r o u p s

b . s p a w n i n g  s e a s o n  a n d  m i g r a t i o n s

c . f e e d i n g  m i g r a t i o n s

i i . N u m b e r s  a n d  p r o p o r t i o n  o f  t o t a l  p o p u l a t i o n  i n  S u b a r e a  1  a s

e s t i m a t e d  f r o m  1 9 7 5  a n d  1 9 7 9  s u r v e y s  a n d  s e a s o n a l  v a r i a t i o n s

a . e g g s  a n d  larvae ( f e c u n d i t y , d e v e l o p m e n t  o f  p r e - b e n t h i c  s t a g e s )

b . pre-recruits

c . e x p l o i t a b l e  p o p u l a t i o n

. . .I l l . R e c e n t  a n d  p r o j e c t e d  b i o m a s s  e s t i m a t e s  a n d  t r e n d s  i n  p r o d u c t i v i t y

i v . S e n s i t i v i t y  t o  w a t e r  s o l u b l e  f r a c t i o n s  o f  h y d r o c a r b o n s

a .  d e f o r m i t i e s  a n d  d e b i l i t a t i o n

b . m o r t a l  i t y

c .  C h i o n e c o e t e s  b a i r d i

i . D i s t r i b u t i o n  a n d  l i f e  h i s t o r y

a . l i f e  h i s t o r y  g r o u p s

b . s p a w n i n g  s e a s o n  a n d  m i g r a t i o n s

c . f e e d i n g  m i g r a t i o n s

i i .  N u m b e r s  a n d  p r o p o r t i o n s  o f  t o t a l  p o p u l a t i o n  i n  S u b a r e a s  1  a n d

4  a s  e s t i m a t e d  f r o m  1 9 7 5  a n d  1 9 7 9  s u r v e y s  a n d  s e a s o n a l  v a r i a t i o n s

a . e g g s  a n d  l a r v a e

b . pre-recruits

c . e x p l o i t a b l e  p o p u l a t i o n

, . .I l l . E x t a n t  a n d  p r o j e c t e d  b i o m a s s  e s t i m a t e s  a n d  t r e n d s  i n  p r o d u c t i v i t y

i v . S e n s i t i v i t y  t o  w a t e r  s o l u b l e  f r a c t i o n s  o f  h y d r o c a r b o n s

a . d e f o r m i t i e s  a n d  d e b i l i t a t i o n

b . m o r t a l i t y
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4 . Clams

a. G e n e r a l  d i s c u s s i o n  o f  clams as latent r e s o u r c e

b . S p e c i e s ,  d i s t r i b u t i o n  a n d  a b u n d a n c e

c . S i g n i f i c a n c e  i n  f o o d  c h a i n

d . R e a c t i o n  t o  benthic p o i l  p o l l u t i o n

i . M o r t a l i t y

i i . C o l l e c t o r s , c o n c e n t r a t o r s ,  a n d  t r a n s m i t t e r s  o f  b e n t h i c ,

h y d r o c a r b o n  r e s i d u e

5 . F o o d  C h a i n  O r g a n i s m s

a . Phytoplankton

b . Z o o p l a n k t o n  (amphipods, copepods)

c . H y d r o

d . Worms

e . Barna

ds

les

f . N o n - c o m m e r c i a l  c r a b s  a n d  molluscs

9 “ E c h i n o d e r m s

111. S u m m a r y  C o n c l u s i o n s  Re’

o f  Oil S p i l l  S c e n a r i o s

e v a n t  t o  S  mulation A n a l y s e s  f o r  E s t i m a t  ng I m p a c t s

PU301O

A . F o r m u l a t i o n  o f  o p e r a t i o n a l  h y p o t h e s e s  r e g a r d i n g  t h e  t r a n s p o r t a t i o n ,

d i s s o l u t i o n , e v a p o r a t i o n ,  w e a t h e r i n g ,  a n d  s e d i m e n t a t i o n  o f  p e t r o l e u m

f r o m  spill s c e n a r i o s  P U 3 0 1 O .

1 . l a t e r a l  t r a n s p o r t

2 . c h e m i c a l  c h a n g e s  w i t h  t i m e

3 . s e d i m e n t a t i o n

4. s e a s o n a l  v a r i a t i o n s

(above discussion based upon literature from Canyon, Cadiz, and Tsesis

e p i s o d e s  a s  w e l l  a s  i n t u i t i v e  a n d  s i m p l e  “ c o m m o n  s e n s e ”  d e r i v a t i o n s  o f

o i l  c o m p o s i t i o n  a n d  e n v i r o n m e n t a l  d a t a  i n  S e c t i o n  1  -  A  t h r o u g h  C .
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B . E s t i m a t e s  o f

w h i c h  c a n  b e

*

t h e  e x p l o i t a b l e  b i o m a s s  o f  s p e c i e s  o f  c o m m e r c i a l  v a l u e

e x p e c t e d  t o  o c c u r  i n  S u b a r e a s  1  a n d  4 S  b a s e d  o n  p a s t

s u r v e y  a n d  c o m m e r c i a l  f i s h e r y  d a t a ,

1 . m a x i m u m  and minimum biomass

2 . s e a s o n a l  v a r i a t i o n

3 * e s t i m a t e d  r a t e s  o f  m i g r a t i o n

4 .  s p a w n i n g  a g g r e g a t i o n s ?

c . E s t i m a t e s  o f  t h e  e x p e c t e d  q u a n t i t i e s  o f  p r e - a d u l t s  t o  o c c u r  i n  S u b a r e a s

1  a n d  4 S .

1 . e g g s

2 . l a r v a e

3 .  j u v e n i l e s

D . D i s c u s s i o n  o f  o i l  p o l l u t i o n  i n d u c e d  p e r t u r b a t i o n s  t o  t h e  f o o d  w e b .

E. A n t i c i p a t e d  e f f e c t s  o n  v a r i o u s  o r g a n i s m s  o f  d i f f e r e n t  c o n c e n t r a t i o n s

o f  v o l a t i l e  h y d r o c a r b o n s  b a s e d  u p o n  p a s t  spill a n d  e x p e r i m e n t a l

o b s e r v a t i o n s .

I v . E f f e c t  o f  o i l  o n  c o a s t a l  s p a w n e r s .

v . L i t e r a t u r e  C i t e d .

V I . L i t e r a t u r e  R e v i e w e d  b u t  n o t  C i t e d .
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APPENDIX 3

S p e c i a l  C o m p u t e r  P r o g r a m m e d  a n d  t h e i r  S u b r o u t i n e s

1 )  PROBUB - P r o g n o s t i c  B u l k  B i o m a s s  m o d e l

A n  e x t e n s i v e  s i m u l a t i o n  m o d e l  f o r  t h e  d y n a m i c s  o f  t h e  w h o l e  e c o s y s t e m  i n

t h e  B e r i n g  S e a  a n d  G u l f  o f  A l a s k a . M o d e l  a r e a  i s  d i v i d e d  i n t o  9  r e g i o n s .  T h e

m o d e l  c o n t a i n s  n u m e r o u s  s u b r o u t i n e s . It  is used for a variety of p u r p o s e s ,

s u c h  a s  c o m p u t i n g  t h e  f i s h e r y  r e s o u r c e s  ( e q u i l i b r i u m  biomasses), d e t e r m i n a t i o n  o f

t h e  e f f e c t s  o f  f i s h i n g , n a t u r a l  f l u c t u a t i o n  s t u d i e s ,  e t c .

2 )  DYNUMES - Dynamical Numerical Ecosystem simulation model for the Bering Sea

T h i s  m o d e l  i s  s i m i l a r  t o

( i . e . , r e s o l u t i o n  i n  s p a c e ) .

PROBUB ( a b o v e ) ,  e x c e p t  i t  u s e s  a  c o m p u t a t i o n a l  g r i d

I t  a l l o w s ,  t h e r e f o r e ,  t o  c o m p u t e ,  i n  a d d i t i o n  t o

t h e  c o m p u t a t i o n s  w i t h  PROBUB,  a l s o  m i g r a t i o n s  a n d

p o l l u t i o n  a n d  o t h e r  l o c a t i o n  s p e c i f i c  p h e n o m e n a .

3 )  DEMOIL  - “Demersal  Oil”

any s p a t i a l  e f f e c t s  o f  f i s h i n g

A  p r o g r a m m e  f o r  q u a n t i t a t i v e  t e s t i n g  o f  t h e  e f f e c t s  o f  a c c i d e n t s  d u r i n g  o i l

d e v e l o p m e n t s .

C o n t r o l  p r o g r a m m e  s e t s  i n p u t  p a r a m e t e r s , c o u n t s  t i m e  steps, a n d  calls all

s u b r o u t i n e s .  T h e  d i s t r i b u t i o n  o f  o i l  i n  t h e  w a t e r  c a n  b e  r e a d  f r o m  t a p e  o r  c r e a t e d

w i t h  t h e  s u b r o u t i n e  C U R O I L .

S u b r o u t i n e  C U R O I L  c a n  c r e a t e  d i f f e r e n t  c u r r e n t s  f i e l d s  (tidal and wind driven).

I t  c o m p u t e s  t h e  d i s t r i b u t i o n  o f  t h e

The same subroutine is used to move

p r e s c r i b e d  c u r r e n t s .

o i l  f r o m  e i t h e r  a  c o n t i n u o u s  or a  p o i n t

and disperse oil near the bottom with

s o u r c e .

S u b r o u t i n e  OILBOT c o m p u t e s t h e  o i l  t o  t h e  b o t t o m  i n  v a r i o u s  c o n d i t i o n s

a f f e c t i n g  t h e  s e d i m e n t a t i o n . T h e  o i l  i s  a l s o  a l l o w e d  t o  d e c a y  w i t h  t i m e ,

d e p e n d i n g  o n  t h e  t e m p e r a t u r e .
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Subrout ine EGGLAR moves the eggs

c u r r e n t s  o r  w i t h  e d d y  d i f f u s i o n )  a n d

d i f f e r e n t  c o n c e n t r a t i o n s ,  a s  w e l l  a s

a n d  l a r v a e  i n t o  t h e  o i l  f i e l d  ( e i t h e r  w i t h

c o m p u t e s  t h e  a m o u n t s  o f  e g g s  e x p o s e d  t o

t h e i r  e x p o s u r e  t i m e s .

S u b r o u t i n e  F I E X P O  c o m p u t e s  t h e  q u a n t i t i e s  o f  e i t h e r  s t a t i o n a r y  o r  m i g r a t o r y

f i s h  e x p o s e d  t o  d i f f e r e n t  c o n c e n t r a t i o n s  o f  o i l .

S u b r o u t i n e  C O N F O O  c o m p u t e s  t h e  u p t a k e  o f  c o n t a m i n a t e d  f o o d  b y  f i s h ,  a n d  t h e

d e p u t a t i o n  o f  c o n t a m i n a t e d  f i s h .

S u b r o u t i n e  PRIMFS i s  f o r  p r i n t i n g  o f  v a r i o u s  o u t p u t  f i e l d s  i n  t w o  d i m e n s i o n s .

4 )  W F L / O C S E A P  - A  p r o g r a m m e  f o r  d e t a i l e d  c o m p u t a t i o n  o f  e x p o s u r e  o f  e g g s ,  l a r v a e ,

a n d  f i s h  t o  o i l . O i l  d i s t r i b u t i o n  i n  t h e  w a t e r  a n d  o n  t h e  b o t t o m  i s  r e a d  f r o m

t h e  t a p e .

S u b r o u t i n e  F E D O I L  i s  f o r  d e t a i l e d  c o m p u t a t i o n  o f  u p t a k e  o f  o i l  h y d r o c a r b o n s

w i t h  c o n t a m i n a t e d  p e l a g i c  a n d  demersal  f o o d . D e p u t a t i o n  ( d e c a y  o f  h y d r o c a r b o n s )

o f  f i s h  i s  a l s o  c o m p u t e d . O u t p u t s  g i v e  t h e “ c o n t a m i n a t i o n  i n d e x ”  w h i c h  i s  t h e

a m o u n t  o f  h y d r o c a r b o n s  i n  t h e  b i o m a s s  (mg/kg).

S u b r o u t i n e  MIGR  i s  f o r  m i g r a t i n g  t h e  f i s h  w i t h  d i f f e r e n t  s p e e d  a n d  d i r e c t i o n

t h r o u g h  o i l e d  a r e a s  a n d  f o r  c o m p u t a t i o n  o f  t h e  e x p o s u r e .
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APPENDIX 4

C o m m e r c i a l l y I m p o r t a n t  S p e c i e s  P o t e n t i a l l y I m p a c t e d  a t

Sites in Hypothetical Spill Scenarios

P o r t  H e i d e n  ( 5 7 ” 1 O ’ N  159”W)

H e r r i n g  ( e g g s ,  j u v e n i l e s  a n d  a d u l t s )
S o c k e y e  ( j u v e n i l e s  a n d  a d u l t s )
C h i n o o k  ( j u v e n i l e s  a n d  a d u l t s )
P i n k s  a n d  c h u m  (juveniies a n d  a d u l t s )
Yellowfin sole (juveniles and adults)
Pollock ( e g g s  a n d  l a r v a e )
H a l i b u t  ( j u v e n i l e s )
P a c i f i c  c o d  ( a d u l t s  a n d  l a r v a e )
P a c i f i c  p l a i c e
G r e e n l a n d  t u r b o t
Flathead s o l e

I

S1 i g h t

R o c k  s o l e
K i n g  c r a b  (~. c a m c h a t i c a )
T a n n e r -  c r a b  ( C .  b a i r d i )—
Clams

S u r f  c l a m s  (Spisula)
A l a s k a  tellin
C o c k l e s
R a z o r  c l a m s

C a p e  N e w e n h a m  (58”N 164°W)

H e r r i n g  ( j u v e n i l e s  a n d  a d u l t s )
S o c k e y e  ( j u v e n i l e s  a n d  a d u l t s )
C h i n o o k  ( j u v e n i l e s  a n d  a d u l t s
P i n k s  a n d  c h u m  ( j u v e n i l e s  a n d  a d u l t s )
Yellowfin s o l e
Pollock ( s l i g h t )
H a l i b u t  ( j u v e n i l e s )
P a c i f i c  c o d  ( l a r v a e ,  j u v e n i l e s )
P a c i f i c  p l a i c e
G r e e n l a n d  t u r b o t  ( s l i g h t )
F l a t h e a d  s o l e  ( s l i g h t )
~. opilio
~. bairdi
Korean hair crab
Surf clams
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. .

A p p e n d i x  4  ( c e n t ’ d . )

p o r t  Moller (56”26’N 161°20’w)

H e r r i n g  ( e g g s ,  j u v e n i l e s ,  a n d  a d u l t s )
S o c k e y e  ( j u v e n i l e s  a n d  a d u l t s )
C h i n o o k  ( j u v e n i l e s  a n d  a d u l t s )
P i n k s  a n d  c h u m  ( j u v e n i l e ’ s  a n d  a d u l t s )
yellowfin s o l e  ( j u v e n i l e s  a n d  a d u l t s )
Pollock ( e g g s  a n d  l a r v a e )
Halibut (juveniles)
P a c i f i c  c o d  ( l a r v a e  a n d  a d u l t s )
P a c i f i c  p l a i c e
G r e e n l a n d  t u r b o t
F l a t h e a d  s o l e

1

s l i g h t
R o c k  s o l e
A r r o w t o o t h  f l o u n d e r
K i n g  c r a b  (~. camchatica)
T a n n e r  c r a b  (~. b a i r d i )
Clams

S u r f  c l a m s  (Spisula)
A l a s k a  tellin
Cock 1 es
R a z o r  c l a m s
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APPENDIX 5

R e v i e w  o f  t h e  m o d e l  f o r  e s t i m a t i o n  o f  t h e

e f f e c t s  o f  o i l  d e v e l o p m e n t s  o n  s a l m o n

N i c h o l a s  B a x

T h i s  modelling e x e r c i s e  i s  l i m i t e d  t o  s o c k e y e  s a l m o n

o n e  o f  t h e  f o u r  s p e c i e s  o f  P a c i f i c  s a l m o n  u t i l i z i n g

t h r e e  r e m a i n i n g  s p e c i e s  (~. gorbuscha, O. keta, a n d—

a s s o c i a t e d  w i t h  n e a r s h o r e  h a b i t a t s  d u r i n g  e a r l y  m a r

c o u l d  n o t  b e  s t u d i e d  a s

w a s  n o t  i n c l u d e d  i n  t h e

R o g e r s  ( 1 9 7 8 )  summar

d a t a  o n  t h e  n u m b e r s  ( o r

p r i n c i p a l  r i v e r  s y s t e m s

t h e

(Oncorhynchus  n e r k a ) ,

B r i s t o l  B a y  a r e a .  T h e

g. t s h a w y t s c h a )  a r e  s t r o n g l y

n e  r e s i d e n c e  b u t  t h i s  p e r i o d

t h e  e f f e c t s  o f  t h e  o i l  s p i l s c e n a r i o  o n  t h e s e  h a b i t a t s

o i l  t r a j e c t o r y  m o d e l .

z e s , a n d  E g g e r s  a n d  R o g e r s  ( 1 9 7 8 )  p r e s e n t ,  t h e  a v a i l a b l e

i n d i c e s )  o f  s o c k e y e  s a l m o n  e m i g r a t i o n s  f r o m  t h e  f o u r

i n  B r i s t o l  B a y , a n d  p r e s e n t  t h e  t e m p o r a l  d i s t r i b u t i o n  o f

t h e s e  e m i g r a t i o n s . R o g e r s  (1978) l i s t s  t h e  e s t i m a t e d  a d u l t  r e t u r n s  t o  t h e  c o a s t a l

a r e a  b y  b r o o d  y e a r  t o  t h o s e  f o u r  r i v e r s ,  a n d  Burgner

t e m p o r a l  v a r i a b i l i t y . T h e s e  d a t a  s e t s  a r e  t h e  b a s i s

T h e  m o d e l  f o r  t h e  s i m u l a t i o n  o f  e m i g r a t i o n  o f  t h e

i s  c o m p l e t e , a l t h o u g h  t h e  d a t a  s e t s  r e q u i r e  u p d a t i n g

( 1 9 8 0 )  i l l u s t r a t e s  i t s

f o r  t h i s  m o d e l  ling e x e r c i s e .

s m e l t s  t h r o u g h  B r i s t o l  B a y

t o  i n c l u d e  d a t a  not

t o  R o g e r s  i n  1978. T h e  m o d e l  i s  a n  a d a p t a t i o n  o f  o n e  p r o p o s e d  b y  E g g e r s

R o g e r s  ( 1 9 7 8 ) ,  a n d  s i m p l y  m o v e s  t h e  s m e l t s  t h r o u g h  B r i s t o l  B a y  a t  a  r a t e

a v a i l a b l e

and

d e p e n d e n t

o n  t h e i r  l e n g t h . T h e  i n p u t s  o f  s m e l t s  t o  t h i s  m o d e l  a r e  t h e  s t r e a m  c o u n t s  o r

i n d i c e s  o n  t h e  f o u r  m a j o r  rivers> a d j u s t e d  b y  r i v e r  s y s t e m t o  t o t a l  1 0  t i m e s

t h e  t o t a l  a d u l t  c o a s t a l  r e t u r n  f r o m  t h a t  b r o o d  y e a r . T h e  p a r a m e t e r s  a n d  a s s u m p t i o n s

f o r  t h i s  m o d e l  w e r e  e x t r a p o l a t e d  f r o m  m a r k  a n d  r e c a p t u r e  d a t a  p r e s e n t e d  b y  S t r a t y

( 1 9 7 4 )  a n d  i n c l u d e  t h e  f o l l o w i n g :
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1 )  J u v e n i l e  s o c k e y e  g r o w  v e r y  l i t t l e  w h i l e  m i g r a t i n g  t h r o u g h  t h e  i n n e r  B a y

( o u t  t o  P o r t  H e i d e n ) ;  g r o w t h  b e g i n s  w h e n  t h e y  l e a v e  t h e  i n n e r  B a y .

2 )  M a r k e d  Ugashik sockeye salmon smel ts  doubled  in  s ize  f rom a  mean of

1 0 7  m m  i n  8  w e e k s  ( 2  m m / d ) . M a r k e d  W o o d  R i v e r  s m e l t s  i n c r e a s e d  b y  5 0 %  f r o m  a

m e a n  o f  8 5  m m  i n  4  w e e k s  ( 1 . 5  m m / d ) . A  value o f  1 . 7 5  m m / d  w a s  u s e d  f o r  t h e  g r o w t h

r a t e  o f  s m e l t s  i n  o u t e r  B r i s t o l  B a y  i n  t h i s  m o d e l .

3) Straty (1974) estimates the amount of time taken by smo?ts  from each of

t h e  f o u r  r i v e r  s y s t e m s  t o  m o v e  t h r o u g h  t h e  i n n e r  B a y . T h e s e  e s t i m a t e s  c o r r e s p o n d

t o  a n  a v e r a g e  r a t e  o f  t r a v e l  o f  0 . 7  b o d y  l e n g t h s / s e e . T h i s  v a l u e  w a s  u s e d  i n

t h e  m o d e l .

T h e  r e s u l t s  f o r  t h i s  m o d e l  f o r  t h e  y e a r s  1 9 6 7 - 1 9 7 0  a r e  p r e s e n t e d  a s  t h e  n u m b e r s

of smelts from each river system passing Port Heiden (.Figs. 1-4). T h e  v a l u e s

presented include no allowance for daily mortality between the time the smelt count

was taken and their arrival at Port Heiden, and thus are valid for their relative

v a l u e s  o n l y .

I t  i s  a p p a r e n t  t h a t  t h e r e  a r e  c o n s i d e r a b l e  v a r i a t i o n s  i n  a b u n d a n c e  a t  P o r t

H e i d e n  w i t h i n  a n d  b e t w e e n  y e a r s . T h e  a v a i l a b l e  d a t a  s e t s  w i l l  b e  a n a l y z e d  t o

e s t i m a t e  t h e  m a x i m u m  p r o p o r t i o n  o f  a n y  s m e l t  e m i g r a t i o n  t h a t  w o u l d  b e  s u b j e c t

t o  t h e  p r e s e n t e d  o i l  s p i l l  s c e n a r i o  a t  P o r t  Heiden, W i t h  t h e  a s s u m p t i o n s  i n  t h e

m o d e l  t h i s  w i l l  b e  a n  o v e r e s t i m a t e , b e c a u s e  n o  a l l o w a n c e  i s  m a d e  f o r  t e m p o r a l

d i f f u s i o n ;  a c o m p a r i s o n  o f  t h e  t e m p o r a l  s p r e a d  o f  t h e  s m e l t s  a s  t h e y  l e a v e  t h e

r i v e r s  ( R o g e r s  1978) w i t h  t h a t  o f  t h e  t e m p o r a l  s p r e a d  o f  m a r k e d  s m e l t s  i n  t h e

B a y  ( S t r a t y  1 9 7 4 )  i n d i c a t e s  a  t h r e e f o l d  i n c r e a s e  i n  t e m p o r a l  s p r e a d  o v e r  t h i s

p e r i o d .

T h e  m o d e l  e v a l u a t i n g  t h e  e f f e c t s  o f  t h e  p r e s e n t e d  o i l  spill s c e n a r i o  o n  t h e

a d u l t  s a l m o n  w i l l  b e  f o r m u l a t e d  i n  t h e  s a m e  m a n n e r  a s  p r e s e n t e d  a b o v e ,  b u t  u s i n g
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t h e  a n n u a l  t i m e  o f  a r r i v a l  o f  t h e  a d u l t s  a t  t h e  B r i s t o l  B a y  f i s h i n g  g r o u n d s  a s

t h e  p r i n c i p a l  d a t a  b a s e  a n d  Straty’s ( 1 9 7 5 )  e s t i m a t e s  o f  a d u l t  m i g r a t i o n  r a t e s .
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1 9 7 8 . M o d e l i n g  t h e  m i g r a t i o n  o f  s o c k e y e  s a l m o n  s m e l t s  t h r o u g h  B r i s t o l  B a y ,

A l a s k a . F i s h e r i e s  R e s e a r c h  i n s t i t u t e ,  F i n a l  R e p o r t ,  FRI-UW-7806. U n i v e r s i t y

o f  W a s h i n g t o n , Seattle, WA 98195. 95 p.

R o g e r s ,  R.E.

1 9 7 7 . D e t e r m i n a t i o n  a n d  d e s c r i p t i o n  o f  k n o w l e d g e  o f  t h e  d i s t r i b u t i o n ,  a b u n d a n c e ,

a n d  t i m i n g  o f  salmonids i n  t h e  Gulf o f  A l a s k a  a n d  B e r i n g  S e a . F i s h e r i e s

R e s e a r c h  I n s t i t u t e ,  S u p p l e m e n t  t o  F i n a l  R e p o r t ,  FRI-UW-7736. U n i v e r s i t y  o f

W a s h i n g t o n ,  S e a t t l e ,  W ,

S t r a t y ,  R.R.

1974. Ecology and behav

i n  B r i s t o l  B a y  a n d  t h e

a n d  E.J. K e l l y  (eds.),

~ 98195, 29 p.

o r  o f  j u v e n i l e  s o c k e y e  s a l m o n  (Oncorhynchus  n e r k a )

e a s t e r n  B e r i n g  S e a . P a g e s  2 8 5 - 3 1 9 .  ~D. W .  H o o d

O c e a n o g r a p h y  of the B e r i n g  S e a ,  O c c a s i o n a l  publ. 2,

I n s t i t u t e  o f  M a r i n e  S c i e n c e ,  U n i v e r s i t y  o f  A l a s k a ,  F a i r b a n k s .

S t r a t y ,  R.R.

1 9 7 5 . M i g r a t o r y  r o u t e s  o f  a d u l t  s o c k e y e  s a l m o n ,  Oncorhynchus n e r k a ,  i n  t h e

E a s t e r n  B e r i n g  S e a  a n d  B r i s t o l  B a y .  N O A A  T e c h .  R e p .  NMFS SSRF-690. 32  p.
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APPENDIX 6

Selected food habits and life history information of four

commercial fish and invertebrate stocks of the eastern Bering Sea

P .  L i v i n g s t o n

In order to quantify the effects of oil spills on marine fauna in the

Bristol Bay area of the Bering Sea, the population dynamics of four species

of major commercial imprtance will be modelled. Some baseline information

on the food habits and distribution of these species in the area needs to be

established to assist in parametrizing the model. The following is a short

summary overview of the food habits of sockeye salmon, Oncorhynchus  nerka;

yellowfin sole, Limanda aspera; Pacific herring, Clupea pallasii; and red

king crab,

to outline

portion of

information is

representative

Paralithoides camtschatica. For the most part, an attempt is made

only details directly pertinent to those species during that

their life history which they spend in Bristol Bay. However, some

available only

of the species

for other areas

in Bristol Bay.

and hopefully should be

Sockeye Salmon, Oncorhynchus nerka

General Information

in late June andAdults begin arriving at river mouths in Bristol Bay

early July. This spawning migration route from their western feeding grounds

usually is along the southern portion of Bristol Bay in surface waters

(Nishiyama 1974). Outmigrating smelts, which may be 57-122 mm long in British

Columbia (Manzer 1969), are usually in the upper 2 m of water (Straty 1974)

in Bristol Bay. This migration occurs between May 15-July 15. Smelts move

westward alongshore past Port Heiden and Port Moller. They have sometimes

been found as late as mid-August off Port Moller. Inshore and in the inner

portion of Bristol Bay, most smelts have been found with empty stomachs.
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Straty (1964) correlates this with

waters less than 20 fathoms deep.

found with full stomachs, however.

Food habits

‘Life history I I

extremely low zooplankton abundance in

Smelts reaching Port Moller have been

stage ! Reference ~ Season Area I Food items (% by weight)
I

Smelts

Smelts

Adults

Manzer, 1969

Straty, 1974

Kanno and
Hamai. 1971

Adults I Nishiyama,
1974

Su

Su

Su

‘-k “Brl l$h
Columbia

Bristol
Bay

E. Bering
Sea shelf

Su Bristol
Bay

_--i---

48% copepods, 24% fish, 14%
larvaceans,  5% decapods, 4%
insects, 3% am~hi~ods.

Sandlance larvae, euphausiid
larvae, copepods, cladocera,
pteropods, decapod larvae,
other fish larvae, invert.
ems, insects.

43% euphausiids, 27.7% fish,
25.1% amDhiDods.

70% euphausiids, 20% fish
larvae, 10% crab zoea, amphi-
pods and pterapods.

Yellowfin sole, Limanda aspera

General Information

Spawning of yellowfin sole has been observed in the Bering Sea at depths

of 15-75 m. Eggs have been found off Cape Newenham between June to September

and larvae have been observed in the second half of July (Musienko 1968).

Seasonal movements of yellowfin  sole are not known in great detail but there

does seem to be an inshore movement in spring and a movement towards the

slope in fall. Some smaller fish (age 5-7) remain in Bristol Bay during

winter (Fadeev 1972). It is not known when the pelagic larvae settle to the

bottom but presumably they settle inshore. English sole larvae are pelagic

for 6 to 10 weeks (Hart 1973) and possibly yellowfin sole larvae are pelagic
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for a similar length of time. Adults cease feeding in the winter although

occasionally in some areas a few fish have been found with some food in their

stomachs (Fadeev 1972). Fadeev (1972) also claims that the Cape Newenham area

is poor in benthos, therefore yellowfin sole eat more pelagic prey in that

area like euphausiids and nektobenthic prey like pandalid shrimp. Simenstad

(1979) classified the yellowfin sole in Cook Inlet as a facultative piscivore

because they were eating predominantly osmerids but supplementing their diet

with other items which in this case were benthic and epibenthic items. In

inshore areas of Bristol

herring eggs attached to

Bay, the yellowfin sole has been observed feeding on

vegetation.

Food Habits

Life history I
stage I Reference Season

Larvae (2-10 mm] Last, 1980 Su
Limanda limanda

Juveniles

I

Rogers et

I

Sp, Su
al. 1979

I !

Adults I Wakabayashi, ~ Su
100-200 mm 1974 I
201-300 mm

301+ mm

Adults I Skalkin, I Sp, Su
1963

Area Food Items (% by weight

North Sea I 90% copepoditesr 10%
deca~od zoea.

Kodiak I. 22% fish (cottids), 20%
poly chaetes, 18% crab,
14% clams.

Bering Sea polychaetes,  amphipods,
echiuroids.

polychaetes, bivalves,
echiuroids, gadids,
osmerids,  amphipods.

I Nlostly bivalves and
echiuroids.

I

1 6 5



Herring, Clupea harengus pallasii

General Information

Herring leave their wintering grounds in the southeast Bering Sea in

March and April. These wintering herring rarely eat (except sometimes

euphausiids) according to Dudnik and Usol’tsev (1968). Adults spawn in late

April to May in Bristol Bay. Herring caught near Cape Newenham during a

spawning survey were all >200 mm long.

for their main foraging period and may

Adult herring stay inshore in summer

stay at least until August. Depths of

spawning in British Columbia range between high tide and 11 m (Hart 1973).

Eggs hatch in about 10 days and the larval yolk sac lasts at the longest for

2 weeks. After about 2 months the post-larvae begin forming schools which

come to the surface in the evening as do the schools of adult herring.

Food habits

Life history
stage Reference Season Area Food items (% by weight)

Larvae Wailes, 1963 Sp British 40% invertebrate eggs,
9-20 mm Columbia 40% diatoms, 20% copepods

nauplii.

Larvae Barraclough, Sp, Su British 90% copepod nauplii, 10%
9-20 mm 1967 Columbia eggs and algae.

Juveniles Barraclough, Su British phytoplanktonr  copepod
20-100 mm 1967 Columbia eggs, copepods, amphipods,

larvaceans.

Adults Wailes, 1963 Su, F, British euphausiids, copepods.
100+ mm Sp Columbia

Adults Dudnik and Su Bering Sea euphausiids, calanoid
U$sol’tsev  1968 cope~s, Sagitta.

Adults Barracloilgh, Sp, Su British 90% copepods, 10% amphipods,
Columbia euphausiids, brachyura

larvae, and invert. eggs.
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KinU Crab. Paralithodes carntschatica

General Information

During late winter and early spring adult males move inshore where

females reside just off of Port Moller in the eastern Bering Sea for breeding

purposes. Eggs carried by the females for the past year hatch about April 1

and are found all the way to Port Heiden. Females then molt and males mate

with them just after the molt. A female must be inseminated within 5 days

after the molt to produce viable eggs. Larvae pass through four pelagic

zoeal stages. Each of these stages take about 2-3 weeks to complete. The

larvae then spend a month as pelagic megalopae whereupon they metamorphose to

first instars about mid-July to August and presumably settle on the bottom.

These juveniles presumably stay very nearshore on the shelf north of the

Aleutians until they are about 3 yrs. old (60 mm carapace length) (Armstrong

et  a l .  1 9 8 1 ) .

Food habits

Life history
stage Reference Season

Pelagic Incze, pers. Sp, Su
larvae Comm .

Benthic Takeuchi, Su
juveniles 1968

Adults I Cunningham, Su
1969

Area Food items (% by weight)

Bristol copepod nauplii, copepodites,
Bay cirripedia larvae.

I polychaetes, seaweed.
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A p p e n d i x  7

views of  Dr’s. Elmqren ( U n i v e r s i t y  o f  S t o c k h o l m ) , L e h t i n e n  a n d  L i n d e n  ( S w e d i s h

E n v i r o n m e n t a l  R e s e a r c h  I n s t i t u t e )  regardinq o i l  i n  m a r i n e  e n v i r o n m e n t .

( R e c o r d e d  b y  F .  F u k u h a r a )

C)r. R.  Elmgren, Z o o l o g i c a l  i n s t i t u t e ,  U n i v e r s i t y  o f  S t o c k h o l m .  P r i n c i p a l
I n v e s t i g a t o r  of Tsesis spill.

Elmgren h a d  n o  s p e c i f i c  c o m m e n t s  r e g a r d i n g  o u r  g e n e r a l  a p p r o a c h  a n d
a g r e e d  t h a t  s e d i m e n t a t i o n  a n d  t h e  e f f e c t s  o f  o i l  o n  o r g a n i s m s  w e r e  t h e  m o s t
d i f f i c u l t  t o  p r e d i c t . H e  p o i n t s  o u t  t h a t  t h e  r e c o g n i t i o n  t h a t  s o m e  o f  t h e
o i l  i n  s p i l l s  e v e n t u a l l y  r e a c h e s  t h e  b o t t o m  i s  r e l a t i v e l y  r e c e n t  a n d  s i n c e
t h e  Tsesis s p i l l  t h e r e  h a s  b e e n  a  g r o w i n g  c o n c e r n  t h a t  t h e  a m o u n t  w h i c h  g e t s
t o  t h e  b o t t o m  e x c e e d s  e a r l i e r  e s t i m a t e s . W e  a l s o  d i s c u s s e d  t h e  d i f f i c u l t i e s
o f  e x t r a p o l a t i n g  l a b o r a t o r y  r e s u l t s  o n  t h e  e f f e c t s  o f  h y d r o c a r b o n s  t o  a c t u a l
f i e l d  c o n d i t i o n s . Elmgren r e c o g n i z e s  t h i s  t o  b e  a  p r e v a l e n t  p r o b l e m  i n
a l m o s t  a l l  t o x i c o l o g i c a l  e v a l u a t i o n s  b u t  h e  f e e l s  t h a t  m a n y  b i o l o g i c a l
o r g a n i s m s  a r e  f a r  m o r e  s e n s i t i v e  to h y d r o c a r b o n s  t h a t  i s  n o r m a l l y ,  e x p e r i m e n t a l l y
d e m o n s t r a b l e .

S o m e  o f  h i s  v i e w s ,  a l t h o u g h  n o t  p a r t i c u l a r l y  u n i q u e ,  s e e m  u s e f u l  t o
c o n s i d e r  a s  g e n e r a l  o p e r a t i o n a l  p r i n c i p l e s . O n e  i s  t h a t ,  l i k e  i n  t h e  s t u d y
o f  a l l  n a t u r a l  phenanenon, t h e r e  a r e  n o  c e r t a i n t i e s  i n  c o n c l u s i o n s  r e l a t i n g
t o  o i l  s p i l l s  a n d  t h e i r  e f f e c t s  o n  t h e  e c o s y s t e m  a n d  o r g a n i s m s . H e  t h o u g h t
i t  u s e f u l  t o  r e i t e r a t e  t h i s  t h o u g h t  t o  p r e c l u d e  t h e  apiori d i s c a r d i n g  o f
s p e c u l a t i o n s  o r  h y p o t h e s e s  s i m p l y  o n  t h e  b a s i s  o f  i n a b i l i t y  t o  p r e s e n t  r i g o r o u s
p r o o f s .

L i k e  m o s t  E u r o p e a n  s c i e n t i s t s  i n  o i l  s p i l l  e v a l u a t i o n s ,  Elmgren c o n s i d e r s
t h e  i m p a c t s  o f  o i l  o n  a n y  s p e c i e s  t o  b e  s i g n i f i c a n t  o n l y  i f  l o n g  t e r m
p r o d u c t i v i t y  i s  s u b s t a n t i a l l y  r e d u c e d  o r  t h e  e c o s y s t e m  p r o c e e d s  t o  s o m e  l o n g
t e r m  s e c o n d a r y  s u c c e s s i o n . A c c o r d i n g l y , h e  c o n s i d e r s  o i l  i n  t h e  w a t e r  c o l u m n
t o  b e  o f  i n t e r e s t  m o s t l y  i n  t e r m s  o f  d e t e r m i n i n g  t h e  q u a n t i t y ,  d i r e c t i o n ,  a n d
u l t i m a t e  d e p o s i t i o n  o r  d i s p o s i t i o n  o f  t h e  s p i l l e d  o i l . H e  d o e s  n o t  c o n s i d e r
t h e  o i l i n g  o f  phytoplankton a n d  z o o p l a n k t o n  i n  t h e  w a t e r  t o  b e  a n y t h i n g  b u t
o f  v e r y  s h o r t  t e r m  i m p o r t a n c e . T h i s  i s  p a r t i a l l y  b e c a u s e  t h e  l i f e  cyc?e o f
t h e s e  o r g a n i s m s  i s  s h o r t  ( t h e r e f o r e ,  q u i c k  r e g e n e r a t i o n  t i m e ) ,  b u t  also b e c a u s e
i n  t h e  Tsesis, M E R L ,  a n d  o t h e r  o i l  s p i l l  o b s e r v a t i o n s ,  p h y t o p l a n k t o n  a n d
bacterioplan~on i n c r e a s e  i n  a b u n d a n c e  a n d  p e l a g i c  z o o p l a n k t o n  s e e m  n o t  t o
b e  v i s i b l y  i m p a c t e d  ( a l t h o u g h  t h e r e  i s  s o m e  t h o u g h t  t h a t  t h e i r  f e e d i n g  may b e c o m e
i n h i b i t e d ) . T h e  h i g h e r  c o n c e n t r a t i o n s  o f  s u b - s u r f a c e  o i l  i n  t h e  R A N D  a n a l y s e s
c a n  b e  l e t h a l  o r  d e b i l i t a t i n g  t o  e g g s - a n d  larvae (of i n v e r t e b r a t e s  a n d  f i s h )
a n d  m a y  c a u s e  s i g n i f i c a n t  i m p a c t  u n d e r  c e r t a i n  c i r c u m s t a n c e s . S e d i m e n t e d  o i l
w i l l , o f  c o u r s e ,  a f f e c t  benthic zooplankton;  h o w e v e r ,  t h e  p e r s i s t e n c e  o f
u n f a v o r a b l e  c o n c e n t r a t i o n s  w1ll d e p e n d  u p o n  t h e  h y d r o c a r b o n  c o m p o s i t i o n  o f
t h e  o i l , t h e  r e l a t i v e  e n e r g y  o f  t h e  b e n t h o s  a n d  s u b s t r a t e  t y p e .
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A l s o  a s  a  g e n e r a l  c o n s i d e r a t i o n , i n  t h e  r e a l  w o r l d  o f  a  B e r i n g  S e a  s p i l l
h e  w o n d e r e d  i f  w e  s h o u l d  n o t  g i v e  s o m e  t h o u g h t  a n d  m e n t i o n  t o  t h e  p o s s i b l e
o v e r r i d i n g  p o l i t i c a l  c o n c e r n  f o r  t h e  p r o t e c t i o n  o f  b i r d s  a n d  m a m m a l s . T h i s

w o u l d  a r g u e  f o r  t h e  u s e  o f  d i s p e r s a n t s  w h i c h  w o u l d  m i n i m i z e  t h e  f o u l i n g  o f
b i r d s  a n d  m a m m a l s . T h i s  w o u l d ,  o f  c o u r s e , i n c r e a s e  t h e  p r o b l e m  f o r  f i s h  a n d
s h e l l f i s h  b y  a s s u r i n g  t h a t  t h e  h y d r o c a r b o n  c o n c e n t r a t i o n s  i n  t h e  w a t e r  would
i n c r e a s e  f r o m  p p b  t o  p p m .

D r .  Elmgren a g r e e s  t h a t  s e d i m e n t a t i o n  o f  oil p r e s e n t s  t h e  m o s t  s i g n i f i c a n t  long
t e r m  h a z a r d  o f  o i l  s p i l l s , b u t  t h e  p e r s i s t e n c e  o f  o i l  i n  h i s  v i e w  i s  d e p e n d e n t
u p o n  t h e  h y d r o - c a r b o n  c o m p o s i t i o n  o f  t h e  o i l  a n d  t h e  b o t t o m  s e d i m e n t  t y p e . O i l
o n  r o c k ,  g r a v e l , a n d  s a n d  b o t t o m  i s  r a t h e r  r a p i d l y  r e m o v e d  o r  w e a t h e r e d  a n d
t h e  e f f e c t s  o f  s p i l l e d  o i l  o n  t h e s e  s u r f a c e s  w o u l d  b e  m o r e  i m m e d i a t e  a n d  s h o r t
t e r m . I n  t h e  c a s e  o f  t h e  Tsesis, t h e  s p i l l  o c c u r r e d  i n  a n  a r c h i p e l a g o  o f  t h e
B a l t i c  S e a  w h i c h  h a s  n o  m e a s u r a b l e  t i d e  a n d  v e r y  little flus%ing f r o m  t h e
N o r t h  S e a . S i n c e  i t  i s  t o t a l l y  s u r r o u n d e d  b y  l a n d ,  f e t c h  i s  l i m i t e d  a n d
a g i t a t i o n  b y  w i n d  i s  c o m p a r a t i v e l y  l i m i t e d . T h e  b o t t o m  i s  m u d d y  o r  s i l t y ,
p r o v i d i n g  t h e  c i r c u m s t a n c e s  f o r  l o n g  t e r m  p e r s i s t e n c e  o f  o i l .  A l s o ,  t h e  B a l t i c
h a s  l i t t l e  e c o l o g i c a l  a n d  s p e c i e s  d i v e r s i t y .

B y  c o n t r a s t , t h e  A m o c o  C a d i z  s p i l l  o c c u r r e d  o n  t h e  r e l a t i v e l y  h i g h  e n e r g y
c o a s t  o f  B r i t t a n y  w i t h  t i d e s  o f  5  t o  9  m e t e r s  a n d  v e r y  s t r o n g  c o a s t w i s e  c u r r e n t s
a n d  w i n d s  g e n e r a t e d  o v e r  t h e  f e t c h  o f  t h e  N o r t h  A t l a n t i c  O c e a n  ( a t  a b o u t
4 9 * N .  l a t . ) . T h e  e x p o s e d  c o a s t  s u f f e r e d  r e l a t i v e l y  s h o r t  i m p a c t s  f r o m  t h e
s p i l l ;  h o w e v e r ,  s o m e  o f  t h e  b a y s , i n l e t s ,  m u d  f l a t s ,  a n d  s a l t  m a r s h e s  w e r e
s t i l l  a f f e c t e d  m o r e  t h a n  2  y e a r s  a f t e r  t h e  s p i l l .

A s  a  r u l e  o f  t h u m b ,  Elmgren c o n s i d e r e d  2  gm/m2 o f  b o t t o m  a s  a  threshho?d
c o n c e n t r a t i o n  f o r  d a m a g e  t o  t h e  benthos. T h i s  c o n c e n t r a t i o n  w i l l  c a u s e  t o t a l
m o r t a l i t y  t o  ostracods a n d  amphipods, b o t h  o f  w h i c h  s e e m  r e l a t i v e l y  s e n s i t i v e
t o  p e t r o l e u m  h y d r o c a r b o n s .

C o n c e r n i n g  p a t h w a y s  o f  o i l  s e d i m e n t a t i o n ,  Elmgren h a d  n o  r e a l  d a t a .  H i s
f e e l i n g  w a s  t h a t  m u c h  m o r e  o i l  s i n k s  t o  t h e  b o t t o m  t h a n  i n t u i t i o n  w o u l d  l e a d
o n e  t o  b e l i e v e . I n  t h e  M E R L  e x p e r i m e n t s  h e  n o w  b e l i e v e s  5 0  -  6 0 %  o f  t h e
i n t r o d u c e d  o i l  s a n k  t o  t h e  b o t t o m . I t  i s  h i s  v i e w  t h a t  m o s t  o f  t h e  o i l  i s
t r a n s p o r t e d  t o  t h e  b o t t o m  b y  v e r t i c a l  c u r r e n t s  a n d  adsor~n  of oil d r o p l e t s
t o  s u s p e n d e d  p a r t i c u l a t e  m a t t e r . Elmgren c o n s i d e r s  t h e  o i l i n g  o f  phytoplankton
c a r c a s s e s  a n d  c o n s o l i d a t i o n  o f  o i l  d r o p l e t s  i n  z o o p l a n k t o n  f e c a l  p e l l e t s  a s
n o t  i m p o r t a n t  p a t h w a y s  f o r  oiJ s e d i m e n t a t i o n . T h e  b a s i s  f o r  h i s  v i e w s  a r e
t h e  M E R L  e x p e r i m e n t s  i n  w h i c h  5 0  - 6 0 %  s e d i m e n t a t i o n  o c c u r r e d  i n  t a n k s  w h e r e
v e r y  f e w  z o o p l a n k t o n  w e r e  p r e s e n t .

H i s  o f f h a n d  o p i n i o n  o f  o i l  s e d i m e n t a t i o n  i n  t h e  n o r t h e r n  A l e u t i a n  a r e a :
G i v e n  t h e  p r e s e n t  i n f o r m a t i o n  o n  b o t t o m  s e d i m e n t  t y p e s ,  tidal, a n d  b o u n d a r y
c u r r e n t s , a n d  v e r t i c a l  c i r c u l a t i o n  a n d  s u s p e n d e d  p a r t i c u l a t e  matter$ c o n s i d e r a b l e
oiI m a y  b e  s e d i m e n t e d . B e c a u s e  o f  t h e  r e l a t i v e l y  a c t i v e  v e r t i c a l  t r a n s p o r t
o f  w a t e r  a n d  t h e  c o a r s e  s a n d y  n a t u r e  o f  t h e  s u b s t r a t e ,  h e  would e x p e c t  t h e
i m p a c t s  t o  t h e  benthos t o  b e  r e l a t i v e l y  s h o r t - l i v e d  i n  t h e  P .  H e i d e n  a n d
P .  Moller s p i l l  s i t e s . T h i s  w o u l d  b e  m o r e  c o m p a r a b l e  t o  t h e  A m o c o  Cadiz s p i l l
o f f  t h e  B r i t t a n y , F r a n c e  c o a s t  w h i c h  h a s  a c t i v e  s u r f a c e  t u r b u l e n c e ,  b o u n d a r y
a n d  t i d a l  c u r r e n t s  s o  t h a t  o i l  w a s  r a p i d l y  d i s s i p a t e d  o r  w e a t h e r e d  i n  t h e
o f f s h o r e  b e n t h o s  a n d  i n t e r t i d a l  a r e a s , e x c e p t  i n  t h e  h e a d s  o f  s h e l t e r e d  b a y s
(Aber W r a t h  a n d  Aber Benoil a n d  c e r t a i n  a r e a s  o f  t h e  B a y s  o f  Morlaix a n d
Laurion).
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I n  t h e  M E R L  e x p e r i m e n t s  t h e  oil on the benthos w a s  s u s p e n d e d  a b o u t  1  c m
f r o m  t h e  b o t t o m  i n  a  f l o c c u l e n c e  w h i c h  d r i f t e d  a b o u t  a n d  w h i c h  w a s  s e e n  t o
e s c a p e  b o t t o m  g r a b s  o r  f l o w - t h r o u g h  c o r e  s a m p l i n g  d e v i c e s . T h e r e f o r e ,  oil o n
t h e  benthos  i s  a p t  t o  i m p a c t  m o r e  s e v e r e l y  c e r t a i n  m e r o f a u n a  a n d  i n f a u n a  w h i c h
a r e  f i l t e r  f e e d e r s  r a t h e r  t h a n  s e d i m e n t  f e e d e r s .

I n  t h e  Tsesis i n v e s t i g a t i o n s  i t  w a s  e v i d e n t  t h a t  o i l  o n  t h e  b o t t o m  w a s
p a t c h y  b u t  a c c o r d i n g  t o  Elmgren i t  w a s  d i f f i c u l t  t o  d e t e r m i n e  i f  t h e  p a t c h i n e s s
w a s  a s s o c i a t e d  w i t h  r a t h e r  s m a l l  s c a l e  v a r i a t i o n s  i n  b o t t o m  t o p o g r a p h y .  T h e r e
w a s  e v i d e n c e  t h a t  o i l  t e n d e d  t o  c o l l e c t  i n  d e p r e s s i o n s .

I n  t h e  M E R L  t a n k  e x p e r i m e n t s , o i l  c o n c e n t r a t i o n s  w e r e  a l w a y s  h i g h  i n  t h e
d e p r e s s i o n s  a n d  fill o f  c o r e  s a m p l i n g . T h o u g h t  t o  o c c u r  a s  a  c o n s e q u e n c e  o f
t h e  w a y  i n  w h i c h  s e d i m e n t s  w e r e  r e p l a c e d  i n t o  t h e  h o l e  l e f t  b y  t h e  c o r e r .

A s  a  g e n e r a l  r u l e , Elmgren f e l t  t h a t  t h e  e f f e c t s  o f  a n  o i l  s p i l l  w o u l d  l a s t
a s  l o n g  a s  t h e  liftime o f  t h e  l o n g e s t - l i v i n g  s p e c i e s  w h i c h  w a s  s i g n i f i c a n t l y
i m p a c t e d  b y  o i l  h y d r o c a r b o n  t o x i c i t y . I n  t h e  Tsesis s p i l l  t h a t  h a p p e n e d  t o  b e
t h e  Macoma  baltica w h i c h  m a y  l i v e  t o  b e  a b o u t  1 5  y e a r s  o l d .  T h e  M .  baltica,
h o w e v e r , s e e m e d  n o t  t o  b e  n e g a t i v e l y  i m p a c t e d , t h e i r  b i o m a s s  i n c r e a s i n g  o v e r
pre-spill l e v e l s . B e r i n g  S e a  h a s  m u c h  m o r e  s p e c i e s  d i v e r s i t y  a n d  a  n u m b e r  o f
s p e c i e s  w h i c h  m a y  l i v e  1 5  y e a r s  a n d  c o n s i d e r a b l y  longer ( e . g .  f l a t f i s h ) .

A l t h o u g h  h e  could o f f e r  n o  r e a l  h a r d  e v i d e n c e ,  Elmgren f e l t  t h a t  o i l
c o n c e n t r a t i o n s  o f  t h e m s e l v e s  m a y  n o t  b e  n e a r l y  a s  i m p o r t a n t  i n  b i o l o g i c a l  i m p a c t s
a s  t h e  h y d r o c a r b o n  c o m p o s i t i o n , i n  p a r t i c u l a r  t h e  a r o m a t i c  c o n t e n t  o f  t h e  o i l .
H e  f e l t  t h a t  t h e  m u l t i m o l e c u l a r  a r o m a t i c s  s u c h  a s  t h e  tri-methyl b e n z e n e s  w e r e
p a r t i c u l a r l y  h a r m f u l .

H y d r o c a r b o n  i n  t h e  Tsesis s p i l l  a r e a  h a s  n o w  r e t u r n e d  t o  pre-spill b a c k g r o u n d
l e v e l s . T h e s e  b a c k g r o u n d  l e v e l s  a r e  e v i d e n t l y  i n c r e a s i n g  i n  t h e  B a l t i c  S e a  a n d
G u l f  o f  Bothnia i n  g e n e r a l  a n d  i n  p a r t i c u l a r  a l o n g  t h e  m a j o r  t r a n s p o r t a t i o n  r o u t e s
o f  t a n k e r s  a n d  o t h e r  s h i p  t r a n s p o r t a t i o n .

H e r r i n g  w h i c h  w e r e  r e d u c e d  i n  a b u n d a n c e  a n d  a p p e a r e d  t o  a v o i d  c e r t a i n  a r e a s
i n  s p a w n i n g  t h e  y e a r  a f t e r  t h e  spill, h a v e  n o w  r e t u r n e d  t o  pre-spill l e v e l s  o f
a b u n d a n c e  w i t h  n o  a p p a r e n t  a v e r s i o n  t o  f e e d i n g  o r  s p a w n i n g  i n  a r e a s  a f f e c t e d  b y
t h e  Tsesis s p i l l .

Macoma populations no Ionger carry  la rge  concentra t ions  of  Tsesis h y d r o c a r b o n
a n d  n o w  e x c e e d  pre-spill a b u n d a n c e  l e v e l s  ( r o u g h l y  1 0 x  pre-spill a b u n d a n c e ) .
T h e  a m p h i p o d  P o n t o p o r e i a  affinis, h o w e v e r , t h e  a b u n d a n c e  o f  w h i c h  w a s  d i r e c t l y
r e l a t e d  t o  t h e  a b u n d a n c e  o f  Macoma  p r i o r  t o  t h e  s p i l l ,  r e m a i n s  s e v e r e l y
d e p r e s s e d  (1% of pre-spill a b u n d a n c e ) . T h e  f a i l u r e  o f  Pontoporeia t o  r e c o l o n i z e
t h e  s p i l l  a r e a  i s  n o t  e a s i l y  e x p l a i n e d . O n e  t h o u g h t  i s  t h a t  t h e  i n c r e a s i n g
p o p u l a t i o n  o f  Macoma  i n  t h e  a b s e n c e  o f  t h e  P o n t o p o r e i a  w h i c h  n o r m a l l y  p r e y
u p o n  Macoma  s p a t ,  h a v e  s o  s e v e r e l y  a g i t a t e d  t h e  b o t t o m  i n  s u c h  a  w a y  t h a t
P o n t o p o r e i a  c a n n o t  r e e s t a b l i s h  t h e m s e l v e s .  A n o t h e r  h y p o t h e s i s  i s  t h a t
u n m e a s u r e d  r e s i d u e s  o f  Tsesis s p i l l  ( p e r h a p s  p o l a r  c o m p o u n d s )  r e m a i n  i n  t h e
s e d i m e n t s , e f f e c t i v e l y  r e p e l l i n g  o r  o t h e r w i s e  p r e v e n t i n g  t h e  r e c o l o n i z a t i o n
b y  ~. a f f i n i s .

W i t h  r e g a r d  t o  f i s h  t a i n t i n g , h e r r i n g  w h i c h  n o r m a l l y  o c c u r  i n  a b u n d a n c e  i n
t h e  Tsesis s p i l l  a r e a , a  m o n t h  a f t e r  t h e  s p i l l  s h o w e d  n o  p a r t i c u l a r  a v e r s i o n  t o
o i l e d  a r e a s  f o r  f e e d i n g  b u t  s h o w e d  n o  e v i d e n c e  o f  f l e s h  t a i n t e d b y  p e t r o l e u m
h y d r o c a r b o n s . F l a t f i s h  e v i d e n t l y  h a d  h y d r o c a r b o n  c o n c e n t r a t i o n  i n  t h e  m u s c l e
o f  a b o u t  5 0  p p b . A l t h o u g h  t h e y  w e r e  n o t  t e s t e d  f o r  f l a v o r ,  t h e y  w e r e  m a r k e t e d



w i t h o u t  a d v e r s e  c o n s u m e r  r e a c t i o n s . T h i s  d i d  n o t  s u r p r i s e  Elmgren s i n c e  o y s t e r s
t a i n t e d b y  A m o c o  C a d i z  o i l  w e r e  m a r k e t e d  w i t h  t a i n t i n g  l e v e l s  i n  t h e  p p m .
A l t h o u g h  t h e  m a r k e t a b i l i t y  o f  o y s t e r s  f r o m  t h e  B o r d e a u x  a n d  M e d i t e r r a n e a n , a s  w e l l
a s  t h e  B r i t t a n y  r e g i o n , s u f f e r e d  f r o m  c u s t o m e r  a v e r s i o n  a f t e r  t h e  C a d i z  s p i l l ,
l e v e l s  o f  h y d r o c a r b o n  i n  t h e  t e n s  o f  p p m  w e r e  c o n s i d e r e d  t o  b e  s u i t a b l e  f o r
h u m a n  c o n s u m p t i o n .

T h e r e  i s  n o  e v i d e n c e  t h a t  h y d r o c a r b o n s  b e c o m e  p r o g r e s s i v e l y  c o n c e n t r a t e d
i n  t h e  f o o d  c h a i n . A l t h o u g h  c e r t a i n  molluscs m a y  b e  p a r t i c u l a r l y  r e s i s t a n t
t o  h i g h  h y d r o c a r b o n  c o n c e n t r a t i o n  l e v e l s  a n d  m a y  t h e m s e l v e s  b e  r a t h e r
inefficient in hydrocarbon metabolizafion,  and therefore, concentrate them,
f l a t f i s h  w h i c h  e a t  Macoma  m a y  v e r y  e f f i c i e n t l y  d i s p o s e  o f  p e t r o l e u m  h y d r o -
c a r b o n s . M o r e  o n  t h i s  f r o m  L i n d e n  a n d  L e h t i n e n .

Elmgren s t a t e d  t h a t  e x p e r i e n c e  w i t h  s e a b i r d s  i n  t h e  B a l t i c  S e a  i n d i c a t e d
t h a t  m o s t  h a v e  t h e  r e p r o d u c t i v e  r e s i l i e n c e  a n d  p o t e n t i a l  t o  r e c o v e r  r a t h e r
r a p i d l y  f r o m  o i l  p o l l u t i o n . A n i m a l s  s u c h  a s  b i r d s  w h i c h  h a v e  v e r y  h i g h
m e t a b o l i c  r a t e s  c a n  b e  e x p e c t e d  t o  s u f f e r  m o r e  a c u t e  d a m a g e  f r o m  t h e  e f f e c t s
o f  o i l  s p i l l s . H i s  c o n j e c t u r e  w a s  t h a t  i n  t h e  B e r i n g  S e a ,  v e r t e b r a t e s  s u c h
a s  b i r d s  a n d  t h e  s e a  o t t e r  ( w h i c h  l a c k s  t h e  c o n s e r v a t i v e  q u a l i t y  o f  l o t s  o f
b l u b b e r )  m a y  b e  v e r y  s e n s i t i v e  t o  o i l , w h e r e a s  c e t a c e a n s  a n d  p i n n i p e d s  w h i c h
h a v e  c o m p a r a t i v e l y  l o w  m e t a b o l i c  r a t e s  m a y  b e  a b l e  t o  b e t t e r  w i t h s t a n d  t h e
e f f e c t s  o f  o i l .

I n  a l l  c a s e s , h e  s u g g e s t s  w e  c o n s i d e r  s u c h  s u b l e t h a l  e f f e c t s  a s  r e d u c e d
a b i l i t y  t o  f i n d  m a t e s ,  c a p t u r e  p r e y ,  o r  e l u d e  p r e d a t o r s .

Summary o f  Elmgren’s V i e w s
R e g a r d i n g  s e d i m e n t a t i o n , h e  a g r e e s  t h a t  o i l  o n  t h e  b o t t o m  p r e s e n t s  t h e

m o r e  s e r i o u s  o f  o i l  s p i l l  p r o b l e m s . H e  could, h o w e v e r ,  p r e s e n t  n o  f u r t h e r
e v i d e n c e  r e l a t i v e  t o  q u a n t i f y i n g  t h e  p a t h w a y s  o f  oil t o  t h e  benthos. H e  i s ,
h o w e v e r ,  o f  t h e  s t r o n g  o p i n i o n  t h a t  m o s t  o f  t h e  s e d i m e n t e d  o i l  r e s u l t s  f r o m
c i r c u l a t i o n  a n d  a d s o r p t i o n  o f  o i l  p a r t i c l e s  t o  s u s p e n d e d  p a r t i c u l a t e  m a t t e r .
H e  h a s  r e i t e r a t e d  t h e  g e n e r a l l y  p r e v a l e n t  v i e w  t h a t  t h e  p e r s i s t e n c e  o f  o i l
i s  r e l a t e d  i n v e r s e l y  w i t h  t h e  r a t e  o f  w a t e r  c i r c u l a t i o n  a n d  r e p l a c e m e n t  a n d
i n  t h e  r e l a t i v e l y  h i g h  e n e r g y  c i r c u m s t a n c e  o f  P .  Moller a n d  P .  Heiden,
s e d i m e n t a t i o n  o f  o i l  i s  n o t  e x p e c t e d  t o  b e  a  l o n g  t e r m  p r o b l e m .

C o n c e r n i n g  t h e  b i o l o g i c a l  i m p a c t s  o f  o i l ,  h e  r e i t e r a t e d  w h a t  i s  i n  t h e
l i t e r a t u r e  r e l a t i v e  t o  t h e  Tsesis, Cadiz, e t c .  s p i l l s ,  a l t h o u g h  h e  b r o u g h t
u s  u p
r e g a r d

o f  Ou:’

o  d a t e  o n  t h e  Tsesis s i t u a t i o n . H e  h a s  ahded a n  i n t e r e s t i n g  n o t e
n g  t h e  t a i n t i n g  o f  f i s h  o n  w h i c h  L e h t i n e n  a n d  L i n d e n  h a v e  e l a b o r a t e d .

mgren a s k e d  t h a t  h e  b e  k e p t  a b r e a s t  o f  o u r  p r o g r e s s  a n d  w a n t e d  c o p i e s
r e p o r t s .

R e f e r e n c e s  h e  s u g g e s t e d :

W .  E .  Haensly, e t  a l .  1 9 8 2 . Histopathology o f  Pleuronectes p l a t e s s a ,  1
f r o m  A b e r  W r a t h  a n d  A b e r  Benoit, B r i t t a n y ,  F r a n c e ,  l o n g  t e r m
e f f e c t s  o f  t h e  A m o c o  Cadiz spil?.

J o u r n a l  o f  F i s h  D i s e a s e s  1 9 8 2 ,  5 ,  3 6 5 - 3 9 1 .
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D r .  Karl-Johan L e h t i n e n
I n s t i t u t e  (IVL), B a l t i c
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Dr .  Olaf  L inden,  Swedish Environmental I%search
Laboratory, Utovagen, Karlskrona, Sweden.

D r .  O l a f  L i n d e n  i s  t h e  d i r e c t o r  o f  a b o u t  1 5  s c i e n t i s t s  s t u d y i n g  t h e  i m p a c t s
o f  p u l p  m i l l  e f f l u e n t s , o i l ,  a n d  o t h e r  p o l  Iutants o n  t h e  m a r i n e  e n v i r o n m e n t
a n d  o r g a n i s m s . T h e y  h a v e  o n g o i n g  s t u d i e s  o n  t h e  w e a t h e r i n g  o f  c e r t a i n  o i l s
o n  t e s t  b e a c h e s , t h e y  a r e  t e s t i n g  t h e  e f f e c t i v e n e s s  a n d  c o n s e q u e n c e s  o f  v a r i o u s
dispersants o n  o i l e d  beaches ( t e s t  p l o t s ) , a n d  t h e y  r e t a i n  a  s e t  o f  o u t d o o r
t a n k s  w i t h  c i r c u l a t i n g  s e a  w a t e r  i n  w h i c h  t h e y  a r e  t e s t i n g  t h e  e f f e c t s  o f
p u l p  m i l l  e f f l u e n t s  i n  v a r i o u s  c o n c e n t r a t i o n s  o n  t h e  c o m m u n i t y  a n d  o r g a n i s m s
o f  t h e  a r e a . T h e y  a l s o  h a v e  f a c i l i t i e s  a n d  e x p e r t i s e  f o r  bioassays  o f  v a r i o u s
p o l l u t a n t s .  My i m p r e s s i o n  w a s  t h a t  t h e y  a r e  a  v e r y  c o m p e t e n t  g r o u p  w h i c h
a r e  o n l y  p a r t i a l l y  f i n a n c e d  b y  t h e  g o v e r n m e n t  b u t  e x i s t  o n  p r i v a t e  c o n t r a c t s
a n d  g r a n t s  a s  a  r e s e a r c h  f o u n d a t i o n . D r .  L i n d e n  f e l t  p e r s o n a l l y  t h a t  h e  c o u l d
p r o b a b l y  h e l p  u s  m o s t  b y  f o c u s i n g  our r e a d i n g  t o  t h e  b e t t e r ,  m o r e  c r e d i b l e  a n d
r e l e v a n t  s t u d i e s  o f  o i l  s p i l l s  a n d  r e l a t e d  s t u d i e s . H e  f e l t  t h a t  t h e  o i l  s p i l l
l i t e r a t u r e  was  n o w  s o  v o l u m i n o u s  t h a t  w i t h  o u r  l i m i t e d  i n v o l v e m e n t  w i t h  t h e
o i l  p o l l u t i o n  p r o b l e m  i t  w o u l d  b e  v i r t u a l l y  i m p o s s i b l e  t o  w e e d  o u t  t h e  “ w h e a t
f r o m  t h e  c h a f f ” . H e  w a s  c o n v i n c e d  t h a t  a  t h o r o u g h  canvasing o f  t h e  e x t a n t
o i l  p o l l u t i o n  l i t e r a t u r e  w o u l d  b e  a  m a n y ,  m a n y  y e a r  t a s k .

A s  w i t h  E l m g r e n , 1  r e v i e w e d  v e r y  b r i e f l y  t h e  E .  B e r i n g  S e a  spill s c e n a r i o s ,

d a t a  b a s e s ,  b a c k g r o u n d  o c e a n o g r a p h y ,  b i o l o g y ,  e t c .  a n d  a  s k e t c h  O f  o u r  strategY
f o r  s o l u t i o n  o f  t h e  s i m u l a t i o n  e x e r c i s e .

L i n d e n ’ s  v i e w  w a s  t h a t  t h e  h i g h e r  c o n c e n t r a t i o n s  i n  t h e  R a n d  outputs w e r e

f a i r l y  h i g h  f o r  a c t u a l  s p i l l  c o n d i t i o n s . H i g h  e n o u g h  t o  i m p a c t  s e r i o u s l y  e g g s
a n d  l a r v a e  a n d  i n v e r t e b r a t e s  a n d  a n i m a l s  c a r r y i n g  e x p o s e d  e g g s .

L i n d e n  h a d  n o t h i n g  t o  a d d  c o n c e r n i n g  s e d i m e n t a t i o n  o f  o i l  b e y o n d  t h o s e
r e p o r t s  a s s o c i a t e d  w i t h  t h e  A r g o  M e r c h a n t ,  Ixtoc 1, Cadiz, Tsesis, a n d  S e f i r
s p i l l s . T h e s e  r e p o r t s  g i v e  e s t i m a t e s  o f  t h e  a m o u n t s  o f  o i l  s e d i m e n t e d  b u t
L i n d e n  c o u l d  n o t  e l a b o r a t e  f u r t h e r  o n  t h e  q u a n t i t i e s  s e d i m e n t e d  t h r o u g h
d i f f e r e n t  p a t h w a y s .

( T o  d i g r e s s  s l i g h t l y , D r .  L i n d e n  i s  a n  acknowledgedexpert o n  oil s p i l l s .
H e  i s  a  m e m b e r  o f  a  U.N. g r o u p  w h i c h  r e s p o n d s  t o  w o r l d - w i d e  s p i l l  p r o b l e m s .
I n  t h i s  c a p a c i t y  h e  h a s  b e e n  i n v o l v e d  i n  t h e  i n v e s t i g a t i o n s  o f  t h e  Ixtoc I
spill i n  w h i c h  h e  r e c a l c u l a t e d  t h e  e s t i m a t e s  o f  t h e  a m o u n t  o f  f a t e  o f  t h e  o i l
spilled (originally calculated by the Mexican government to show least
impact on environment). H e  h a s  a l s o  b e e n  a t  t h e  s i t e  o f  a t  l e a s t  2  s p i l l s
n e a r  t h e  A r a b i a n  P e n i n s u l a . H e  h a s  a  n u m b e r  o f  p u b l i c a t i o n s  o n  t h e  e f f e c t s
o f  o i l  o n  m a r i n e  o r g a n i s m s ,  inclu~ing f i s h , b u t  h e  h a s  also p u b l i s h e d  o n
t h e  f a t e  o f  o i l  i n  s p i l l s  (Jernelov a n d  L i n d e n ,  1981)).

L i n d e n  t h o u g h t  i t  w o r t h w h i l e  t o  p a y  s o m e  s p e c i a l  a t t e n t i o n  t o  t h e  e f f e c t s
o f  oil w a s h e d  a s h o r e  a s  i t  well m a y  i n  a n y  o f  t h e  s p i l l  s c e n a r i o s  f o r  s o u t h -
e a s t e r n  B e r i n g  S e a . E v e n  i f  spills o c c u r  o f f s h o r e ,  i f  o i l  w a s h e s  o n s h o r e  t h e
e f f e c t s  o n  t h e  l i t t o r a l  a n d  i n t e r t i d a l  f a u n a  c a n  b e  d r a m a t i c  a n d  d i s a s t r o u s :
I n  t h e  “Sefir” s p i l l  ( s i m i l a r  t o  t h e  “ F l o r i d a ”  s p i l l ) ,  L i n d e n  e s t i m a t e d  t h a t

m o r e  t h a n  9 0 %  m o r t a l  i t y  o c c u r r e d  t o  t h e  s h o r e  a n d  benthic f a u n a  f r o m  t h e  a c u t e
t o x i c  e f f e c t s  of oil. I n  t h e  S e f i r  s p i l l , m i l l i o n s  o f  a n i m a l s  w e r e  w a s h e d
a s h o r e  a n d  d e p o s i t e d  i n  w i n d r o w s  o n  t h e  b e a c h e s ,

L i n d e n  s h a r e d  Elrngren’s  v i e w  r e g a r d i n g  t h e  s h o r t  t e r m  s c a l e  o f  i m p a c t s  o f
oil s p i l l s  o,~ t h e  p e l a g i c  c o m m u n i t y . H e  w a s  n o t  a w a r e  o f  a n y  d o c u m e n t e d



e v i d e n c e  o f  m a j o r  a n d  l o n g  t e r m  i m p a c t s  o f  o i l  p o l l u t i o n  o n  f i s h  p o p u l a t i o n s .
E v e n  i n  t h e  T s e s i s  s i t u a t i o n ,  h e  d o e s  n o t  b e l i e v e  t h e r e  i s  s u f f i c i e n t  e v i d e n c e
t o  d e m o n s t r a t e  t h a t  t h e  o i l  h a d  a n y  d i r e c t  i m p a c t  o n  t h e  b e h a v i o r  o r  p r o d u c t i v i t y
o f  h e r r i n g  o r  f l a t f i s h .

A l s o  s p o k e  w i t h  D r . K a r l - J o h a n  L e h t i n e n  (Carola’s h u s b a n d ) ,  a  p h y s i o l o g i s t .
O n  t h e  m a t t e r  o f  f i s h  t a i n t i n g , h e  b e l i e v e s  e x p e r i m e n t a l  e v i d e n c e  i n d i c a t e s
t h a t  o i l  t a k e n  t h r o u g h  t h e  f o o d  c h a i n  w o u l d  f i r s t  c o n c e n t r a t e  i n  t h e  l i v e r
b e f o r e  a p p e a r a n c e i n  c i r c u l a t o r y  s y s t e m  a n d  f l e s h . F i s h  h a v e  e n z y m e  s y s t e m s
wfifch m e t a b o l i z e  h y d r o c a r b o n s . B o t h  L e h t i n e n  a n d  L i n d e n  f e l t  t h a t  h i g h
c o n c e n t r a t i o n s  o f  h y d r o c a r b o n  i n  t h e  liver w o u l d  p r o b a b l y  m a n i f e s t  i n
d e b i l i t a t i n g  e f f e c t s  b e f o r e  h i g h  e n o u g h  c o n c e n t r a t i o n s  c o u l d  b e  b u i l t  u p  i n
the muscles. F o r  t h e s e  r e a s o n s  t h e y  f e l t  t h a t  t a i n t i n g  o f  f i s h  l o i n s  s u f f i c i e n t
t o  a f f e c t  h u m a n  c o n s u m p t i o n  m i g h t  b e  a  m i n o r  c o n s i d e r a t i o n . L e h t i n e n  a l s o  f e l t
t h a t  d e p o s i t i o n  o f  oil w a s  m o r e  l i k e l y  i n  l i p i d s ;  t h e r e f o r e ,  m i g h t  b e
c o n c e n t r a t e d  i n  l i v e r s ,  g o n a d s ,  g i l l s ,  a n d  p e r h a p s  i n  t h e  f l e s h  o f  v e r y  f a t t y
f i s h .

L i n d e n  r e f e r r e d  m e  t o  a  v e r y  g o o d  s u m m a r y  r e p o r t  o n  t h e  C a d i z  s p i l l
c o n s e q u e n c e s  b y  L u c i e n  Laubier. L a u b i e r  s t a t e s ,  “ o y s t e r s  c o n t a i n i n g  20 - 30
p p m  d r y  w e i g h t  a r e  c o n s i d e r e d  t o  b e  s l i g h t l y  p o l l u t e d  b y  f o s s i l  f u e l s .  O n
a  p r a c t i c a l  b a s i s , a n  a v e r a g e  v a l u e  o f  6 0  ~ 20 ppm,  w e t  w e i g h t ,  w a s  c o n s i d e r e d
3s t h e  u p p e r  l i m i t  f o r  h u m a n  c o n s u m p t i o n ” .

L i n d e n  c a u t i o n e d  t h a t  m u c h  o f  t h e  i n f o r m a t i o n  o n  t h e  Ixtoc I  b l o w o u t
(1979-8cI) i s  v e r y  u n r e l i a b l e .

L i n d e n  s u g g e s t e d  t h e  f o l l o w i n g  a s  e x c e l l e n t  r e f e r e n c e s .

1 . I n  t h e  W a k e  o f  t h e  A r g o  M e r c h a n t
Proc. o f  a  Symp., Jan. - i i - 1 3 ,  1978
U n i v .  o f  R h o d e  I s l a n d

( A c c o r d i n g  t o  L i n d e n  t h i s  i s  o n e  o f  t h e  b e s t  s c i e n t i f i c  studies
o f  a n  o i l  spi?l.)

2 . K .  J .  L e h t i n e n ,  e t  a l .
1982 -  P h y s i o l o g i c a l  E f f e c t s  o f  F i s h  C h r o n i c a l l y  E x p o s e d  t o  L o w

L e v e l s  o f  H y d r o c a r b o n s
P r o c .  5 t h  A r c t i c  M a r i n e  O i l  S p i l l  P r o g r a m  T e c h n i c a l  S e m i n a r
J u n e  1 5 - 1 7 ,  1982, E d m o n t o n ,  A l b e r t ,  p p  7 7 - 9 2 .

3 . N e f f ,  J e r r y  M .  a n d  J a c k  W .  A n d e r s o n
1 9 8 1 . R e s p o n s e  o f  M a r i n e  A n i m a l s  t o  P e t r o l e u m  a n d  S p e c i f i c
H y d r o c a r b o n s . A p p l i e d  S c i e n c e  P u b l i s h e r s ,  L t d . ,  L o n d o n ,  p p  1 7 7 .

I n  L i n d e n ’ s  v i e w , D r .  J e r r y  N e f f  i s  a n  a u t h o r i t y  o n  t h e  i m p a c t
of t h e  A m o c o  Cadiz s p i l l  o n  f i s h  a n d  o y s t e r s .

H e  a l s o  c o n s i d e r s  Boehm a s  t h e  b e s t  oil c h e m i s t  a r o u n d  (Cadiz e x p e r t ,  a l s o ) .

A g r e e s  t h a t  V a n  d e r  M u e l l e r  o f  t h e  B e d f o r d  O c e a n .  I n s t .  i s  a  t o p - f l i g h t
s e d i m e n t o l o g i s t  a n d  a u t h o r i t y  o n  C a d i z  o i l  s e d i m e n t a t i o n .

H e  a l s o  s u g g e s t e d  r e a d i n g  r e p o r t s  r e l a t e d  t o  t h e  g r o u n d i n g  o f  t h e  “ F l o r i d a ”
o f f  Falmouth.
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APPENDIX 8

P o s s i b l e  E f f e c t s  o f  O i l  D e v e l o p m e n t  i n

the B e r i n g  S e a  o n  t h e  F i s h e r y  R e s o u r c e s

( A  q u a n t i t a t i v e  n u m e r i c a l  e v a l u a t i o n )

Summa ry

by

N o r t h w e s t  a n d  A l a s k a  F i s h e r i e s  C e n t e r
R e s o u r c e  E c o l o g y  a n d  F i s h e r i e s  M a n a g e m e n t  D i v i s i o n

S e a t t l e ,  W A  98112

CONTENTS

1 . O b j e c t i v e  o f  t h i s  s t u d y

1 . 1  T h e  p r o b l e m : P o s s i b l e  e f f e c t s  o f  o i l

1 . 2  I n t e r p r e t a t i o n  o f  l a b o r a t o r y  r e s e a r c h

2 . M e t h o d s  f o r  e v a l u a t i o n  o f  t h e  e f f e c t s  o f  o ’

2 . 1  N a t u r e  o f  a v a i l a b l e  d a t a

2 . 2  N u m e r i c a l  m e t h o d s

2 . 2 . 1  O i l  i n  t h e  w a t e r
2 . 2 . 2  O i l  o n  t h e  b o t t o m  o f  t h e  s e a
2.2.3 E x p o s u r e  o f  e g g s  a n d  Jarvae t o

d e v e l o p m e n t  t o  f i s h e r i e s

t o  f i e l d  c o n d i t i o n s

1 d e v e l o p m e n t s  t o  f  sheries

o i l
2 . 2 . 4  E x p o s u r e  o f  migrating a d u l t  f i s h  t o  o i l
2 . 2 . 5  U p t a k e  o f  c o n t a m i n a t e d  f o o d  a n d  t a i n t i n g  o f  f i s h

3 . Q u a n t i t a t i v e  e v a l u a t i o n  o f  t h e  e f f e c t s  o f  p o s s i b l e  oil s p i l l s  i n  t h e

B r i s t o l  B a y  ( t h r e e  p o s s i b l e  l o c a t i o n s )

3.1 E f f e c t s  o n  e g g s  a n d  l a r v a e

3.2 D i r e c t  e x p o s u r e  o f  f i s h  t o  o i l  i n  t h e  w a t e r

3.3 E f f e c t s  o f  c o n t a m i n a t e d  f o o d  u p t a k e

3 . 4  C l o s u r e  a r e a s  a n d  p e r i o d s
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R e p o r t s

1 . F i s h e r y  r e s o u r c e s  i n  t h e  e a s t e r n  B e r i n g  S e a ,  t h e i r  u t i l i z a t i o n ,  a n d  t h e i r

n a t u r a l  f l u c t u a t i o n s .

2 . S p a w n i n g  o f  f i s h  i n  t h e  e a s t e r n  B e r i n g  S e a  a n d  p o s s i b l e  e f f e c t s  o f  o i l  o n

e g g s  a n d  l a r v a e .

3 . M i g r a t i o n s  o f  f i s h  i n  t h e  e a s t e r n  B e r i n g  S e a  a n d  e f f e c t  o f  o i l  o n  m i g r a t o r y

a n d  s t a t i o n a r y  a d u l t  f i s h .

4 .  F o o d  a n d  f e e d i n g  o f  f i s h  i n  t h e  e a s t e r n  B e r i n g  S e a  a n d  u p t a k e  o f  c o n t a m i n a t e d

f o o d  ( i n c l u d i n g  t a i n t i n g  o f  f i s h  b y  oil).

5 . S e d i m e n t a t i o n  o f  o i l  a n d  e f f e c t s  o f  o i l  o n  t h e  b o t t o m  o n  d e m e r s a l  f i s h  a n d

benthic e c o s y s t e m .

1 7 9


